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Seventeenth Ordinary General Meeting. 

The Seventeenth Ordinary General Meeting of the National Institute of 
Seienees of India was held at 11 a.m. on Friday, the 29th August, 1941, in the 
hall of the Royal Asiatic Society of Bengal, 1 Park Street, Calcutta. 

Present : — 

Dr. n. Praahad, PrcaidenU in tho Chair. 

Prof. J. N. Mukiiorjeti, Vice-President. 

Dr. B. S. Guha, Honorary Treasurer, 

Dr. K. N. Bagehi. 

Prof. S. R. Boso. ■ 

Dr. H. Chaudhuri. 

Sir R. N. Chopra. 

Prof. J . Ghosh. 

Dr. S. L. Hora. 

Dr. R, B. Lai. 

Prof. 8. K. Mitra. 

Dr. F. O. Percival. 

Prof. M. N. 8ahH. 

Dr. N. K. Sur, 

Prof. S. P. Agharkar, Honorary Secretary, 

Besides the Follows there were also some visitors present. 

1. The minutes of the Sixteenth Ordinary General Meeting held at 
Delhi on the 19th April, 1941, were read and confirmed. 

2. The following Ordinary Fellows were admitted as per provisions of 
Rule 13: 

Dr, F. G. Poroival. 

Dr. N. K. Sur. 

3. Proposals for changes in Rules in connection with the procedure for 
the election of the Council, previously circulated, were considered. 

T)r. H. Chaudhuri proposed that in Rule 43, line 1 ‘throe’ should he 
replaced by ‘nine’ instead of by ‘six’ as proposed by the Council. 

The motion was seconded by Dr. S. R. Bose. 

The Honorary Secretary pointed out that the result of Dr. Chaudhuri’s 
proposal would be to prescribe that th(» entire Council (apart from the President, 
Vice-Presidents, Treasurer and the Secretaries) would be changed every two 
years, whereas the Council’s proposal made such change obligatory every 
three years. 

It was resolved after discussion to accept the Council’s proposal. 

It was also resolved to authorise the Honorary Secretary to take necessary 
steps to place the alterations to the Rules before the Annual General Meeting 
in accordance with the Rules. 


VOL. 1. 
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4. The following papers were read:-™ 

(1) P. C. Bhattacharya: A search for the Double Proton. (Communi- 

cated by Prof. M. N. Saha.) 

(2) T. J. J ob : Efficiency of the Killifish Aplocheiliis panchax (Hamilton) 

in the control of Mosquitoes. (Cominunioated by Dr. 8. L. 
Hora.) 

(3) S. Partbasarathy, S. C. Sircar and K. C. Niyogi; On the Polarisation 

of Light Scattered by Optical Glasses. (Communicated by Prof. 
M. N. Saha.) 

5. The following papers were read by title only owing to the absence of 
the authors: — 

(1) N. R. Dhar, E. V. Seshacharyiilu and N. N. Biswas: New aspects 

of nitrogen fixation and loss in soils. 

(2) F. G. Auluck: Energy levels of an artificially bounded Linear 

Oscillator. (Communicated by Dr. D. S. Kothari.) 

(3) B. Mohan: A confluent Hyper-geomotric function. (Communi- 

cated by Prof. V. V. Narlikar.) 

(4) N. R. Sen: On the inversion of density gradient and convection in 

Stellar bodies. 

(5) R. M. Chaudhri and A. W. Khan: Secondary electron emission 

from Tungsten. (Communicated by Prof. M. N. Saha.) 

(0) Miss B. S. Alamela and B. B, Dey: Studies in the Isoquinoline 
series. Parts IX and X. 

(7) M. R, Siddiqi: On the field of operators in the theory of quaternions. 

(8) V. V. Narlikar: The Two-Body Problem in Einstein's New Rela- 

tivity. 

(9) B. B. Ray and B. Bhowmik: On the K-spoctra of Elements (llNa- 

15P) and Conduction Electrons. Part I. 

(10) B. B. Ray and S. S. Sen: Secondary K-absorption edges of iron 

and its compounds in the solid state and in solution. 

(11) A. M, Subba Rao: Studies in the Malpighiaoeae, 2. Structure and 

development of the ovules and embryo-sacs of Malpighia coccifera 
Linn, and l^ristelkuia australis Linn. (Communicated by 
Dr. P. Maheshwari.) 

(12) S. B. Kausik: Studies in the Ptoteaceae. V. Vascular Anatomy 

of the Flower of Grevillea rohusta Cunn. (Communicated by 
Dr. P, Maheshwari.) 

(13) B, N. Srivastava: Thermal Transpiration in presence of Dissociation. 

(Communicated by Prof. M. N. Saha.) 

(14) M. G. Sostry: Ultra-violet Band Spectrum of Mercuric Chloride. 

(Communicated by Prof. M. N. Saha.) 

(15) M. G. Sastry: The Ultra-violet Band Spectrum of Mercury Bromide. 

(Communicated by Prof. M. N. Saha.) 

IB 
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(16) J. Gupta and M. P. Guha: On the Constitution of some Oxyaoids 

of Sulphur. (Coramunicated by Prof. M. N. Saha.) 

(17) H. K. Son; Polytropic Transformations for a Formic Dirac Gas, 

(Communicated by Dr. D. S. Kothari.) 

(18) F. C, Auluck: The artificially bounded relativistic Linear Oscillator. 

(Communicatod by Dr. D, 8. Kothari.) 

(19) K. Banerjoo and A. K. Ray: The Structure of Jute Fibre by X-ray 

Diffraction Method. 

(20) Vishwa Nath; The Decapod Sperm. 

The meeting terminated with a vote of thanks to the Chair. 




Seventh Annual General Meeting. 

The Seventh Annual General Meeting of the National Institute of Sciences 
of India was hold at 3 p.rn. on Thursday, the 1st January, 1942, in the Central 
Hall of the Baroda College, Baroda. 


The following Fellows were present : — 


Dr. C. W. B. Normand, Vice-Presidmt, in the Chair. 
Mr. W. D. West, Additional Vice- President. 

Prof. S. P. Agharkar, Honorary Secretary. 


Prof. Y. Bharodwaja. 
Prof. F. R. Bhanicha. 
Dr. N. L. Bor. 

Dr.‘ H. Chaudhuri. 

Dr. K. A. Cliowdhury. 
Dr. B. B. Dikahit. 

Dr, .1. A. Dimn. 

Prof. G. S. Ghurye. 


Prof. B. 0. Guhtt. 

Prof. K. B. Madhava. 
Principal G. R. Paranjpe. 
Principal P. Parija. 

Prof. R. C. Shah. 

Dr. H. K. Son. 

Prof. B. N. Singh. 

Prof. V. Subralimanyan. 


The meeting was also attended by visitors. 

In the unavoidable absence of the President, Dr. Baini Prashad, Dr. 
C. W. B, Normand, Vioe-Premident, took the Chair. 

The following Ordinary Fellows signed the duplicate obligation and 
were admitted as Fellows as per Rule 13. 

Dr. N. L. Bor. Prof. G. 8. Ghurye. 

Dr. K. A. Ohowdhury, Prof. B. C. Guha. 

Dr. B. B. Dikshit. Prof, R. C. Shah. 

Prof, B, N. Singh. 

1, The minutes of the Seventeenth Ordinary General Meeting of the 
Institute were road and confirmed. 

2, The Chairman appointed Principal G. R. Paranjjie and Mr, W. D, 
West to act as scrutineers of the ballot papers received for the election of 
officers and other members of Council for the year 1942. 

The following were declared elected officers and other members of Council 
for the year 1942 : — 

.* Dr. B. Proshad. 

Vice-Preeidervu : Prof. J. N. Mukherj©© and Dr. C. W. B. Nonnand. 
iPmwurer ; Dr. B. 8. Gulia. 

Secretary: Prof. J, C. Ghosh. 

Secrekmiee : Prof. S. P. Agharkar and Dt. C. S. Fox. 

Mmhere Council : Dr, K, N. Bagohi, Sir S. 8. Bluttnagar, Dr. F . H. Gravely, Dr, 8. D. 
Bora, Dr, M. lidiaq. Dr. D. 8. Kothari, Dr. M, 8. Krishnan, Prof. G. Matthai, Prof. V. V. 
Nariikar/Prittcipal G, B. Paranjpe, Principal P. Parija, Dr. F. G. Percival, Prof. M, Qnteshi, 
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amwuh hsbiixo. 


X>r. K. B. Bamana^an, Bao Bahadur O. K. Eangaawami A3ryaiigar, Prof. M* B. Siddiqi, 
Prof. N. K. Sur, Mr. F. Ware. 

3. The Chairman appointed Dr. H. Chaudhuri and Principal P, Parija 
to act as scrutineers of the ballot papers received in connection with the modi- 
fications to Rules 41 and 43. 

Of the 46 votes received, the scrutineers declared 42 for and 1 against 
any change in the Rules and 3 invalid. The Chairman accordingly declared 
as passed the following modifications to Rules 41 and 43. 

RtriiE 41. — In place of the words ‘The Council shall prepare a list 

before the date fixed for the Annual Meeting’ insert: 

‘The Council shall prepare, in accordance with the following procedure, 
a list of the names of those persons whom it recommends for election as 
President, Vice-Presidents, Secretaries, Foreign Secretary, IVoasurer, Addi- 
tional Secretaries and other members of the Council for the ensuing year. 

(i) The Council shall determine, at its meeting to be held in August, the 
vacancies that will occur among the officers and other members of the Council 
during the ensuing year taking into consideration the length of service on the 
Council, the number of meetings attended, interest in the work of the Council 
as evidenced by communications on matters under discussion and other relevant 
matters. 

(ii) A list of the Council of the current and two preceding years, indicating 
the vacancies that will be occurring in the ensuing ywr, shall be circulated 
to all Ordinary Fellows in good standing in September, inviting suggestions 
regarding vacancies, so as to reach the office by the middle of October. 

(iii) The suggestions shall be circulated to the members of the Coxmoil 
by the 1st of November for expression of their views, and considered at the 
meeting of the Council to be held in November when final nominations shall 
be made. 

The list of nominations shall be printed, and a copy sent by post to each 
resident Fellow of the Institute at least one month before the date selected 
for the Annual General Meeting of the Institute. These voting lists shall 
have a blank column for such alterations as any Fellow may wish to make. 
Those voting papers shall be returned to the Secretaries at least a week 
before the date fixed for an Annual General Meeting.* 

Rtrmii 43. — ^In line 1 replace ‘three’ by ’six’. 

4. Dr, H. Chaudhuri moved an amendment that in Rule 43, line 1, 
replace ‘ six * by ‘ nine 

The amendment was supported by the following: — 

Pmf. Y. Bharadwajft. Prof. K. B. Madhava. 

Br. K. h. Bor. Principal O. B. Pamaipe. 

Prof. F. B. Bharuoha. Principal P; Parija. 

Dr. K. A. Chowdhiiry. Dr. H. K. Sen. 

Prof. B. 0. Ouha. Prot B. K. Singh. 

Prof. V. Subrohmaayan* 
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Bi&ymm AVfKuAii arntmAjj mbbti^g. 

It was resolved that the amendment having been formally moved it ehould 
be oiroulated to all Resident Ordinary Fellovro In accordance with the Rules. 

6, The Annual Report for the year 1941, prepared by the Council, 
and the budget estimates of income and expenditure for the year 1942 were 
considered and approved. 

6. The following papers were read: — 

(1 ) Development of Embryo-aac and Endoaperm-hauatoria in Teiranema 

mexicana Bonth. and Verhaactm thapsus Linn. By C. V, Krishna 
Iyengar. (Communicated by Dr. P. Maheshwari.) 

(2) Radio-activity of Rubidium. By P. K. Sen-Chowdhury. (Com- 

municated by Prof. M. N. Saha.) 

(3) On the existence of an isotope of Cobalt, Co*^, By P. K. Sen- 

Chowdhury. (Communicated by Prof. M. N. Saha.) 

(4) X-Ray studies in Indian Coals. Part I. By J. Dhar and B. B. 

. Niyogi. (Communicated by Dr. K. Banerjee.) 

(6) Studies in Floral Anatomy. 11. Floral anatomy of the Morin- 
gaoeae with special reference to Gynaeoeum constitution. By 
V. Puri. (Communicated by Dr. P. Maheshwari.) 

(6) The relation of gas pressure to Radiation pressure in a Bose-Einstein 

Gas, By B. N. Singh and A, G. Ohowdri. (CommunicattKi by 
Dr. D, 8. Kothari.) 

(7) Properties of a confluent Hyper-geometric Function. By B, 

Mohan. (Communicated by Prof. V. V. Narlikar.) 

(8) Degenerate gas and the motion of a particle in a uniform field. 

By D. S. Kothari and F. C. Auluck. 

(9) Fermi-Dirac and Bose-Einstein Gas in a uniform field of Force. 

By D. S. Kothari and F. C. Auluck. 

(10) White Dwarf and Harmonic Oscillator. By P. C. Auluck. (Com- 

municated by Dr, D. S. Kothari.) 

(11) Studies on Helium-filled Geiger-Mfiller Counters. By H. R. Sama, 

P. L. Kapur and Oharanjit. (Communicated by Prof, M. N. 
Saha.) 

7, In the absence of the President his Annual Address was read by 
Dr. 0. W. B. Normond. The Address will be printed in the Proceedings. 

With a vote of thanks to the Chair the meeting terminated. 




National Institute of Sciences of India. 


ANNUAL REPORT. 

The Council of the National Inatituie of Sciences of India have pleasure 
in submitting the following report on the general concerns of the Institute for 
the year 1941, as required by the provisions of Rule 48(/). 

Mewberahip, 

The number of Fellows on the roil of the Institute at the beginning of 
the year was 170 Ordinary Fellows and 21 Honorary Fellows. Fourteen 
Ordinary Fellows and four Honorary Fellows were elected during the year in 
accordance with the procedure laid down in the Regulations. Two Ordinary 
Fellows resigned, and three Ordinary Fellows and two Honorary Fellows died 
during the year. The total number of Fellows on the roU at the end of the 
year is 179 Ordinary Fellows and 23 Honorary Fellows. Of the 179 Ordinary 
Fellows 8 are non-resident. 

Meetings, 

The sixth Annual Meeting was held in the Institute of Agricultural 
Research, Benares Hindu University, on the 2nd January, 1941. An acooimt 
of the meeting was published in the Proc^inga, VoL VII, No. 1, pp. S-'S. 

Two Ordinary General Meetings were held during the year. The first 
was held in the Physios Lfwtur© Theatre of the University of Delhi on the 
19th April, 1941. The meeting was followed by a Symposium on ‘Heavy 
Chemical Industries in India ' at which a number of interesting papers wore 
read and discussed. The second meeting was held in the rooms of the Royal 
Asiatic Society of Bengal, Calcutta, on the 29th August, 1941. The papers 
read at these meetings will bo published in the Proceedings, 

The Council, 

The officers and members of Council for the year 1941 were elected at 
the Si3tth Annual Meeting held on the 2nd January, 1941. The C/ouncd, 
together with the representatives of the co-operating Academies, the Indian 
Science Congress Association and the Government of India, was constituted oa 
foJlows:~ 

PfstidmU V. .. Dr. Baini Frasbttd. 

. .. Prof. J. K. Mulchcrjott. 

I>r. C. W. B. Normand. 
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AKN0AL RKPORT* 


Addki<m<d Viee-PreBidtnU 


Treamirer 
Foreign Secretary 
Secretariee 

Members of Council 


Additional Members of Council 


Prof. A. C. Baner/i. 

Khan Bahadur M. Afzal Husain. 
Prof. K. S. Krishnan. 

Mr. W. H. Wost. 


Dr. B. S. Guha. 

Dr. J. 0. Ghoah. 

Prof. S. P. Agharkar. 
Dr. C. 8. Fox, 


8ir 8. B. Bhatnagar. 

Kai Bahadur Dr. B. L. Hora. 

Dr. M. S. Krialman. 

Dr. R. B. Dal. 

Prof. G. Matthai. 

Principal G. R. Poranjpo. 

Principal P. Parija. 

Dr. F. G, Percival. 

Prof. M. Qureslii. 

Rao Bahadur Q, N, Kangaswomi Ayyangar. 
Prof. M. N. Saha. 

Prof. N. R. Sen. 

Prof. M. R. Siddiqi. 

Dr. N. K. Bur. 


Col, J. Taylor. 

Rao Baliadur B, Venkatesauhar. 
Mr. F. Ware. 


Brovet-Col. Sir R. N. Chopra 
Sir Lewis Fermor 


t Ex^offtoio. 


Prof. P. 0. Mahalanobis, 
Prof. S. K. Mitra. 

Major C. L. Pasrioha. 
Prof. B. K. Singh. 


The Council held seven ordinaiy and two emergency meetings during the 
year. 


OommiUe^. 

The Sectional Committees are given in Apx>endix II. 

Publications, 

Three numbers of the Proceedings, one number of the Transactions and 
one number of Indian Science Ab^racts were published during the year. 

Esschanges, 

One additional Institution was placed on the exchange list for the 
publications of the Institute, bringing the total numbw on the list to ninety* 
five (vide Appendix HI). 

Library, 

Three hundred and ninety-seven books, parts of periodicals and reprints 
were added to the library during the year (vide Append IV)* A noteworthy 
addition was a number of publications on Botany received from the Xlniversity 
of California. 
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PftftmiU and Dmatiom. 

Th© following grants-in*aid were made to the Institute during the year. 

(1) Bs.500 from the Calcutta University. 

(2) Bs.300 from the Osmania University. 

(3) EiB. 200 from the Dacca University. 

The Government of India increased their annual grant to the Institute 
from Rs.6,000 to E8.7,000 from the current official year. 

Finame. 

An audited statement of accounts of the Institute for the period from 
Ist December, 1940, to 30th November, 1941, is submitted {vide Appendix V). 
The total ordinary receipts for this period are Rb. 15, 468-16-0 (inclusive of the 
Govbnunent of India grant of Rs.7,00()) and the ordinary payments 
are J[ls.l2|0 14-6-3, leaving a balance of Rs. 3,464-9-9 *. A sum of Rs, 320-0-0 was 
realised on account of admission fees and Rs. 130-14-0 as compounding fee. 

At the beginning of the year the cash position of the Institute was as 
follows : — 



Rs. 

A. 

r. 

In Savings Bank account 

. . 3,688 

1 

0 

„ Government paper . . 

.. 40,000 

0 

0 

„ Current account 

. . 2,948 

3 

0 

„ hand 

4 

13 

0 


ToTAZi . , 46,641 1 0 


At the end of the year, however, the cosh position was as shown below: — 




Rs, A. : 

p. 

In Savings Bank account 

. . 

. 6,713 9 

0 

„ Government paper . . 

. . 

. 40,000 0 

0 

„ Current account 

. . 

. 4,818 12 

9 

,, hand 


14 3 

0 


Total . 

. 60,646 8 
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Apfskwobs. 

1. List of Fellows. 

XI. Committees, 1942. 

III. List of Institutions on the exohange list. 

IV. Feriodioals received for the library. 

V. Audited statement of accotmts, Deo. 1940-Nov. 1041. 

VI. Btuiget Estiinates, Deo. 1941--'K^ 

* The small surplus of Bs.3,464-9^9 as shown above in the ourreut year’s accounts 
U r^a% dtm to outiiandUng bffis on a<»»ount of 




APPENDIX I 


LIST OF FELLOWS. 


ORDINARY FELLOWS. 


1. Abbaham, Lt.-Col. W. K. V., A.R,C.8. (I.)t F.G.S., M.Irst.V.T., Senior Geologist, 

Bormah Oil Oo., Ltd., Burma, Khodaung, Magwa, Burma. (1936). 

2. Aohabkab, S. P., M.A., Ph.D., F.L.8., Gbose Professor of Botanj, Calcutta 

University, 35, Ballygunge Circular Koad, Calcutta, 

3. Ahmad, Nazib, O.B.E., M.Sc., Ph.I)., Director, Indian Central Cotton Committee’s 

Teolinological Xjaboratory , Matunga, Bombay. 

4. AiYAit, R. Gopala, M.A., L.T., M.Sc., University Professor of Zoology and Director, 

University Zoological Laboratory, Madras. (1938), 

5. Ajhekab, S. L., B.A,, I.E.S. (Retd.), Bhandarkar Institute Koad, Poona 4, 

0, A»akda Rao, K.. Rao Bahadur, M.A., l.E,8., Professor of Matliematics, Presideiiey 
College, Madras. 

7. Ash, W. C., B.So., M.Inst.C.E., A.M.I.Meidi.E., Bengal Club. Calcutta. 

8. AaoBN, J. B., M.A. (Cantab,), Geologist, Geological Survey of India, Indian Museum, 

Calcutta. (1938). 

9. Awati, P. R., B.A., D.I.C., I.E.S., Professor of Zoology, Royal Institute of Science, 

Mayo Koad, Bombay 1. 

10. Baochke, K, D., D.8c., D.I.C,, Mycologist, Imperial Porest Research Institute, 

Dohra Dun, U.P. 

11. Baoohi, K. N,, Rai Bahadur, B.So., M.B., D.T.M., F.I.C,, Chemical Examiner to the 

Government of Bengal and Professor of Chemistry, Calcutta Medical College, 
Calcutta. (1940). 

12. Bahl, K. N., D.Sc., D.Phil., Professor of Zoology, Lucknow University, Lucknow. 

13. Bahekjek, K., D,8c., Reader in Physics, Dacca University, Ramna, Dacca. (1939). 

14. Banerji, a, C., M,Sc., M.A., P.R.A.S., I.E.S., Professor of Mathematics, Allahabad 

University, Allahabad. 

15. Banekji, S. K., D.Sc,, Superintending Meteorologist, Meteorological Office, Thu bo 

Park, Ganeshkhind Roa<l, Poona 5. 

16. Basu, iT. K., M.Sc., Ph.I)., Soil Physicist, Sugan^ane Research Institute, Padegaoii, 

P.O. Nira R. S., Dt. Poona. (1941). 

17. Beeson, C. P. C., O.I.E., D.Sc., Thames House, near Eynsham, Oxford. 

18. Be H ART, Ram, M.A., Ph.D., Reader in Mathematics, Delhi University and Professor, 

St. Stephen’s CoUogo, Delhi. (1941). 

19. Bhabha, H. J., Ph.D., P.R.S., Visiting Professor, Indian Institute of Science, 

Bangalore, Mehrangir, little Oibbs Road, Malabar Hill, Bombay. (1941). 
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176. Wab», F,, O.I.E., F.R.C.V.S., I.V.S., Animftl Huabaudry Oummisaioner with the 

Govemmont of India, New Belhl. 

177. Wbst, W. D., M.A. (Cantab.), Geologist, Geological Survey of India, Indian Museum, 

Calcutta, 

178. Whkblbr, T. S., D.So,. Ph.l>., F.R.C.8c.I., F.I.C., F.Ltist.P., M.I.Chera.E,, State 

Oliomiat, State Laboratory, Upper Merrion St., Dublin, Eire. 

179. Yajkxk, N. A,, M.A., D.So., A.I.C,, Professor of Chemistry, Punjab University, 

Lahore. (1940). 


HONORARY FELLOWS. 

1. Dn. E. V. Appueton, H.A., D.Sc., F.R.S., Secretary, Department of Scientific and 

Industrial Research of Great Britain, London. 

2, Dk. E. B. Bailey, F.R.S., Director-General, Geological Survey of Great Britain, 

London. 

6. Prop. Nielb Bokr, N. L., 15, Belgdamsvej, Copenhagen. 

4. Prop, F. O. Bowjbb, So.D. (Cantab.), LL.D., F.R.S., Emeritus Professor of Botany, 

Glasgow University, 2, The Crescent, Ripon, Yorks. 

5. Sm Rickard OuBiSTOPnEus, Kt., C.I.E., O.B.E., M.B., Brevet-Colonel* I.M.S. 

(Retd.), 186, Huntingdon Road, Cambridge. 

6. Prop. Ludwig Diels, Director-Uenoral of tho Botanical Garden and Museum, 

7, Konigin Luiae Strasse, Berlin-Dahlem, Germany. 

7. Prop. F. G. Doknan, F.R.S., Formerly Director, Sir William Ramsay Laboratory, 

University College, 2U, Woburn Square, London, W.C. L 

8. Sir Arthur Eddington, D.8<}., LL.D., F.R.S., Plumian Profossor of Astronomy 

and Experimental Philosophy, Cambridge University, Oambridgcs, 

9. Prop. Charles W. Edmunds, A.B., M.D., Professor of Pharmacology and Thera- 

peutics, University of Michigan Medical School, Ann Arbor, Michigan, U.S. A. 

10. Prop, Albert Einstein, N.L., Princeton University, New Jersey, U.S. A. 

11. Prop. R. A. Fisher, Sc.D., F.R.S., Galton Professor in the University of London. 

12. Prop. E. S. Goodrioh, M.A., D.Sc,, F.B.B., Linacre Professor of Zoology and 

Comparative Anatomy, University of Oxford. 

13. Major M. Greenwood, D.Sc., F.R.C.P., F.R.S., Professor of Epidemiology and 

Vital Statistics, London School of Tropical Medicine and Hygiene. 

U. Sir Thomas H. Holland, K.O.S.I., K.C.I.E., D.Sc., F.B.S., Principal of the 
University of Edinburgh. 

1 5. Sib Fbbdbbiok Gowland Hopkins, Kt., M.A., D.Sc., N.L., F.K.S., Sir William Dunn 

Professor of Biochemistry in the University of Cambridge, 

16. Sir Arthctr B, Keith, M.D., F.R.C.S., LL.D., F.R.S., Buckston Browne Farm, 

Downe, Farnborough, Kent, England. 

17. Prop. E, O. Iawrekoe, Radiation Laboratory, California University, Berkeley, 

U,S.A. 

18. Sib Guy A. K. Marshall, C.M.G., F.R.S,, Director, Imperial Institute of Entomo* 

logy> London. 

19. Prop, J. Pebbxn, N.L., Sorbonne, Paris. 

20. Sm Robert Robinson, D.Scj., F.R.S., Waynfiete Proi'essor of Organic Chemistry 

in the Dyson Perrins Laboratory, Oxford University, 

21. Sib E. John Russell, D.Sc., F.R.S., Director, Rothamsted Agricultural Experi- 

mental Station, Harpenden, Herts, England. 

22. SiB Charles S. Sherrototon, O.M., G.B.E,, N.L., F.R.S., Formerly Waynfiete 

Professor of Physiology in the University of Oxford, BrooHuide, Valley Road, 
Ipswioh, England. 

23. Dr. C. M. Wekyon, C.M.G., F.R.S., Direetor-in-ohief, Wellcome Bureau 

of Soientifio Research, 183, Euston Road, London, N.W. 1. 
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APPENDIX 11. 

COMMITTEES, 1942. 

SECTIONAL COMMITTEES. 

' (1) 'Mathematics' Committee for Mathematics, Astronomy and Geodesy: — 

To serve until 


Dec, 31. 

Mr. T. P. Bhaskara Shastri . . . . . . 1942. 

iit.-Col. E. A. Glennie . . . . . . . . 1942. 

Dr. S. K. Banerji (Secretary and Convener) . . . . . . 1943. 

Prof. V. V, NarUkar . . . . . . . . . . 1943. 

Principal B. M. Sen , . . . , . . . 1944, 

Prof. P. 0. Mahalanohis .. .. .. .. 1944. 


(2) ‘Physics’ Committee for Physics and Meteorology; — 

Prof. K. S. Krishnan (Secretary and Convener) , , . . 1942. 

Prof. S. N. Bose .. .. 1942, 

Prof. P. K. Kichlu . . . . . . . . . . 1943. 

Prof. B. B. Ray . . . . . . . . . . 1943. 

Dr. N. K. Sur‘ .. .. .. 1944. 

Dr. D. S. Kothari .. .. .. .. .. 1944. 


(3) ‘Chemistry’ Committee for Pure and Applied Chemistry; — 

Prof, P. C. Mitter (Secretary and Convener) . . . . 1942. 

Sir S. S, Bliatnagar . . . . , . . . . . 1942. 

Dr, K. Venkataraman . . . . . . 1 943. 

Prof. M. Qureshi . . . . . . * . 1948, 

Dr. J. K. Basn .. .. .. .. 1944. 

Dr. B. C. Guha .. .. .. 1944. 


(4) 'Eugiueoring Sciences’ Committee for Engineering, Metallurgy, Electro- 
technics and kindred subjects : — 

Mr. E. N. Mowdawalla . . • . 1942. 

Prof. P. N. Ghosh .. .. .. .. 1942. 

Dr. K, G. Peroival (Secretary and Convener) . . . . 1943. 

Mr, W. C. Ash . . . . . . . . 1943. 

Dr. Gilbert Fowler ., .. . . .. .. 1944. 


(5) ‘Geology ’ Committee for Geology. Palaeontology, Mineralogy and Geography 

Prof, L. Kama Rao . . . . • • • • • • 1942, 

Mr. W. D. West (Secretary and Convener) . . 1942. 

Mr. D. K. Wadia .. 1943. 

Mr. E. S. Pinfold . . . . • * • ■ 1948. 

Dr. M. S. Kriahnan , . ^ . . 1944. 

Mr. J, B. Auden . . • • • • 1944. 


(6) ‘Botany’ Committee for Pure and Applied Botany, Forestry and Agronomy: 


Dr. K, Bagchee ■ . . 

Dr. P. Mahoshwari . . 

Principal P. Parija (Secretary and Convener) 
Prof. S. R. Bose 

Prof. 8. P, Agharkar - . 

Rao Bahadur G. N. Hangaswami Ayyangar 


1942. 

1942. 
1948. 

1943. 

1944. 
1944. 
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(7) ‘Zoology* Oommittoe for Pure and Applied Zoology and Anthropology 
including Kthnology : — 

To serve until 
Deo. 31. 


Mr. 3, P. Mills 

, , 

. . 1042. 

Dr. B. Prashad (Secretary and Convener) 


. . 1042. 

Dr. B, S. Gxiha 

, . 

. , 1043. 

Dr. H. S. Pruthi 

, , 

. . 1043. 

Khan Bahadur M. Afeal Husain 

. , 

. . 1044. 

Prof. K, Gk)pala Aiyar 

* • 

.. 1044. 


(8) ‘ Physiology* Committee for Animal Physiology^ Pathology, Bac^toriology, 
Psychology and other Medical and Veterinary subjects i — 


Bt.-Col. Sir R. N. Chopra 


. . 1042. 

Dr, 0. G. Pandit 


. . 1042. 

Major C. L, Pasricha (Secretary and Convener) 


. . 1042. 

Sir U, N. Brahmachari 


.. 1943. 

Major-General J. Taylor 


. . 1043. 

Dr. K. N. Bagohi 


. . 1943. 

Mr. F. Wore 


.. 1944, 

U.-Ool. S. S. Sokhey 


. . 1044. 

Prof* K. N. Sen Gupta 


. . 1044. 


APPENDIX III. 

UST OF INSTirUTIONS ON THB BXOlUNQB LIST. 

Indian, 


AUafushad, 

1. Allahabad University. 

2. National Academy of Sciences, India. 


Bangahrt. 


3. Department of Agriculture, Mysore State. 

4. El^trical Engineering Society. 

6. Geological Survey Department, Mysore State. 

6. Indian Academy of Sciences. 

7. Indian Institute of Science. 

8. Meteorological Department, Mysore State. 

9. Mysore University. 

10. S<^iety of Biological Chemists, India. 


Benares. 

11. Indian Botanical Society. 


Bombay, 

12. AnUiropologioal Society of Bombay. 

13. Bombay Natural History Society. 

14. Indian Oenlaral Cotton Committee* 
16. Koyal Institute of Science. 
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CcUeuUa, 

16. Anthropolo^oal Sooiefcy of India, 

1 7. Bioohemioal Society of India. 

18. Botanical Survey of India. 

li>. Oaktutta Mathematical Society. 

20. Oalcutta Medical Club. 

21 . Calcutta School of Tropical Medicine. 

22. Calcutta University. 

2S. Carmichael Medical College. 

24. Oeologioak Mining and Metallurgical Society of India. 

25. Geological Survey of Itidia. 

26. Indian Association for the Cultivation of Science. 

27. Indian Chemical Scwuety. 

28. Indian Medical Gassette {Tluu'.ker, Spink Co. (1933) Ltd.) 

29. Indian Physical Society. 

30. Indian Psychological Association. 

31. Indian Statistical Institute. 

32. Indian Tea Association. 

33. Institution of Chemistn, luflta. 

34. Mining, Geological and Metallurgital Institute of Itulia. 

36. Physiological Society of India. 

36. Royal A^-Horticultural Society of India. 

37. Royal Asiatio So<jioty of Bengal. 

38. Science and Culture. 

39. Survey of India Department. 

40. Zoological Survey of India. 

Coonoor, 

41. Pasteur Institute of Scmthern India. 


Dacca. 

42. Dacca University. 

Dehra Xhtn, 

43. Board of Management, Indian Forester. 

44. Imperial Forest Research Institute. 

Hyderabad {Decccm). 

46. Department of Mines and Geological Survey, H.E.H. Nistam’s Government. 
40. Oamania University, 

Indore, 

47. Institute of Plant Industry. 

KamuH, 

48, Central Research Institute. 

49, Indian J oumal of Medical Research. 

50. Blalaria Institute of India, 

Lahore, 

51, Punjab Univernty. 

L^hnow, 

62. Indian ZcK>U)>gioid Memoirs, 

53, tnoknow Unhrefwrfty. 
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Afodro^. 

64, King Institute of Preventive Medicine. 

66. MadraB Fieheriee Department. 

66. Madras Government Museum. 

MukUaofr, 

57. Imx>eria1 Veterinary Keeeartib Institute. 

Naggar (Punjab). 

58. Himalayan Kesearch Institute, Roerich Museum. 

New Delhi. 

5ft. Imperial Oomtoil of Agricultural Kesearoh. 

Pifona. 

60. Indian Mathematical Society. 

61. India Meteorological Department. 

Ranchi 

62. Indian Lac Research Institute. 

Simla. 

63. Himalayan Olub. 

Foreign. 

Canada. 

64. Department of Mines, Ottawa. 

66. Geological Survey of Canada, Ottawa. 

Cape Colony. 

66. South African Library, Cape Town. 

China. 

67. Chinese Physical Society, Kunming. 

68. National Agricultural Research Bureau, Hanking. 

France. 

60. Museum d'Histoire Katurelle, Paris. 

Qermany. 

70. Ohemisohes Zentralblatt, Berlin. 

Cfreal Britain. 

71. British Museum, Natural History Section, London. 

72. Imperial Bureau of Plant Genetics {for crops other than Herbage), Oambridge* 
78. Imperial Bureau of Plant Genetics (Horba^ plants), Aberystw^h. 

74. Nature, JUmdon. 

75. Patent Office, London. 
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76. Boyal Botanic Gaidcna, Edinburgh. 

77. Boyal Sociiety of Edinburgh. 

78. ScieTUio Husoum, London. 


79. Institute Tntomational «rAgricultiire, Rome, 

Jum, 

80. Dopartment van Eoonomische Zaken, Batavia. 


PaUstinB. 

81. Jewish National University. Rehovoth. 


PhiUppinB«, 

82. Scientific Library, Bureau of Scienco, Manila. 
Rtisaia, 

83, AlbUnion Lenin Library, Moscow. 


Uganda. 

84. Geological Survey of Uganda. 
tJM.A. 

85. American Chemical Society, Oolurabua, 

86. American Museum of Natural History, New York. 

87. California University, Berkeley. 

88. Marine Biological Laboratory, Woods Hole, Mass. 

89. Missouri Academy of Science, Columbia. 

90. Soripta Mathematioa, New York. 

91. Smithsonian Institution, Washin^n. 

92. Treasury department, U.8. Public Health Servi(5e, Wasliington. 

93. U.S. department of Agriculture, Washington. 

94. U.S, National Bureau of Standards, Wa^ington. 

95. U.S. National Museum, Washington. 


APPENDIX IV. 


LIST or PREIOBIOALS EBOKIVBB IN BXOHANOB OR A3 PBESBNTATIOK. 

Indian, 

Annual Report Hafifldne Instituto. 

Annual R^ort of the Imperial Veterinary Research Institute. 

AjumaX Report of the Indian Central Cotton Committee, 

Annual Report of the department of ^riculture, Mysore. 

Annual Report of the Indian Association for the Cultivation of Science. 

Annual Return of Statistics relating to Forest Administration in British India. 
Annual Review of Bioohemical and Allied Research in Jjtidia. 

BuUetin Madras Fisheries. 

Bulletin of the Indian Central Cotton Committee, 

Bulletin of the Calcutta Mathematical Society. 

OalotUta Medi^ Journ^r 
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Format Bulletin. 

Forest Besearob in India and Burma. 

General Report of the Survey of India. 

Indian Farming. 

Indian Forester. 

Indian Forest Records. 

Indian Journal of Agrioultiu-al Science. 

Indian J ournal of M^ical KoBearch . 

Indian Journal of Physios. 

Indian Journal of Veterinary Science and Animal Husbandry. 

Indian Medical Gazette, 

Indian Zoological Memoirs. 

Industrial and News Edition, ludain Ohemical Society. 

Journal of the Indian Chemical Society. 

Journal of the Indian Mathematical Society. 

Journal of the Indian Medi<ml Asso<^iation. 

Journal of the Malaria Institute, India. 

Journal of the University of Bombay. 

Journal of the University of Mysore. 

Journal of the Osmania University, 

Mysore Agricultural Calendar. 

Popular Studios, Mysore Geological Department, 

Pro<‘.eedtngs of the Indian Academy of ScienceB. 

Proceedings of the Institute of Chemists (India). 

Quarterly Journal of the Geological, Mining ami Metallurgical Society of India. 
Kasayauazn. 

Records of the Botanical Survey of India. 

Records of the Mysore Geological De|>artment. 

Report Bio-Chemi<^al Standard Laboratory. 

Report of the Botanical Survey of India. 

Report of the King Institute of Preventive Medicine, Madras. 

Science and Culture. 

Scientific Monograph, Imperial Council of Agricultural Re.'seareh. 

Scientific Notes of the India Meteorological Department. 

Seismological Bulletin of the India Meteorological Department. 

Statistical Leaflets of the Indian Central Cotton Committee. 

Summary Proceedings of the Meetings of the Indian Central Cotton Committee. 
The MathcmsticH Student, 

Transactions of the Mining, Geological and Metallurgical Institute of India. 


Foreign, 

American Museum Novitates, New York. 

Annales du Jardin Botanique do Buitenzorg. 

Biological Bulletin of the Marine Biological Laboratory, Woods Hole, Mass., U.S.A. 
Bulletin, Jardin Botauique, Buitenzorg. 

Bulletin of the Agi^ultural Experiment Station, Rehovoth, Palestine. 

Bulletin of the S<^ip]>s Institute of Oceanography, California University. 

Bulletin of the American Museum of Natural History, New York. 

Bulletin (Herbage Publication Series), Imperial Bureau of Plant Genetics, Aberystwyth, 
Bulletin of the U.S. National Museum, Washington. 

Contributions from the U.S. Herbarium, Washington. 

Crop Reports, National Agricultural Be^rch Institute, Szothuan. 

Experiment Station Record, U.S. Department of A^ioiilture, Washitigton. 

Geological Survey Paper, Canada Departmezit of Blines. 

Journal of the American Chemical Society, 

Mmoirs of the Canada Department of iKmies. 

Proceedings of the XCoyal Society of Edinburgh. 

Proceedings of the U.S. National Museum. 

Papers in Physical Oceanogmphy and Meteorology, Woods Hole Oceanograpluo Institute, 
Publications in Botany, University of California. 

Report of the Canada Departmmt of IMCines. 

Scripts Mathematioa, New York. 

Technical News Bulletin, National Bureau of Standards, Washington. 

Transactions and Proceedings of the Botanical Society of Edinbur^x. 

?:roubia, 
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APPENDIX VI. 

BUDGET ESTIMATES, 


Ordinary ReGeApt«. 

Subscription 

Interest . . . , , , 

Contributions towards publication of 
‘Indian Science Abstracts’ 

Sale of publications inchiding ‘Indian 
Science Abstracts ’ 

Grants-iu-aid from Universities 
Grante-in-aid fron) Government of 
India 

Miscellaneous Hooeipts 
Contributions from General Fund 


Rxtraordiyiary Receipts. 

Admission Fees 
Compounding Fees 


Ordinary Payments. 

Salaries and allowaiujes 
Publications including ‘Indian Science 
Abstra^rts * and Circulars 
Contributions to co-operating academies 
under Rule 19 

Honoraria, for pnyaring abstracts 
for ‘Indian Science Abstracts’ 
Furniture 
Postage 
Stationery 
Audit Fee 
Travelling 
Ofiioe rent 

Miscellaneous (including bonk charges) 
Refunded to General Fund 


1940-41 

1940-41 

1941-42 

Estimates. 

Actuals. 

Estimates, 

Bs. 

Ha. 

Rs. 

5,600 

6,378 

5,6(K) 

1,400 

1,605 

1,600 

1,500 

50 

100 

600 

533 

600 

1,000 

1,0(H» 

1,000 

7,000 

7.000 

7,000 

7 


700 

•• 

3,800 

17,700 

15,468 

19,400 


320 

320 

320 

131 

131 


451 

451 

320 


3,300 

3,171 

3,800 

10,000 

5,80<1 

12,000* 

1,200 

1,06« 

l,2i)0 

1,000 

650 

1,000 

800 

s * 


600 

438 

600 

160 

169 

160 

50 

60 

50 

400 

87 

400 

600 

600 

600 

100 

103 

100 


3,454 

•• 

17,700 

16,468 

19,400 


Extraordinary Payments. 

Funding of Admisaion Fees and Com- 
pounding Subscription . , . . 451 451 820 


♦ Additional provision lias been made to cover the increased cost of paper and pub- 
lications. 




Annual Address to the National Institute of Sciences 

of India. 


BARODA, 194a. 

By Dr. B. Prashad, D,Sc,, FM.S.E., F.L.S., F.Z.S., FM.A.SM. 
ZOOGEOaRAPHY OF INDIA. 


Activities of 
the Institute. 


I. GBNERAt. 

I have first of all to express my appreciation and thanks to the Council 
and the Fellows of the National Institute for the high honour they did me by 
electing me as the President of the Institute. During the year under review 
X have tried, as far as possible, to carry on the traditions of my distinguished 
predecessors in this office, and this would not have been possible but for the 
whole-hearted support and co-operation of my colleagues on the Council. 

Since our last meeting at Benares the affairs of the Institute have pro- 
gressed satisfactorily, and notwithstanding the great stress 
of the economic conditions as a result of the war there has 
been no marked change in our material prosperity during 
this period. It is unfortunate that the Institute has not received any fresh 
donations during the year, but it is hoped that this lack of support will not 
seriously liinder the progress of our work. The record of our activities during 
the past year, aa detailed in the Annual Report, reflects credit on the adminis- 
trative officers and the Council of the Institute for the skilful handling of its 
affairs. 

The number of Fellows on our roll at the beginning of the year was 170 
Ordinary and 21 Honorary Follows. At the end of the 
year this number stood at 170 Ordinary and 23 Honorary 
Fellows. During the year two Fellows resigned, and through death we lost 
two Honorary and three Ordinary Fellows. As was remarked by my distin- 
guished predecessor Sir Ram Nath Chopra in his Address lost year, the number 
of active Fellows of the Institute, considering the prevailing conditions in the 
country and the statutory limitations in regard to new elections, is satisfactory, 
but the Council for some time had been considering the question of increasing 
the number of new elections with a view to be able to maintain and extend 
the activities of the Institute. With this end in view a change in the rules 
was suggested after very careful consideration. This change, which was 
adopted in the Benares meeting, has made it possible for an increase in the 
number of elections from 10 as laid down in Rule 7(B) to a number not 


Fellows. 
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exceeding 16, dependent on the vaoanoios ooourriag during the previous year 
by resignation, death or otherwise, until the maximum of 260 is reached, As 
a result of this change 14 new Ordinary Fellows and 4 Honorary Fellows were 
elected in 1941. 

Two Ordinary (General Meetings of the Institute were held during the year. 

The first was hold in the Physics Lecture Theatre of the 
Delhi University on the 19th of April, 1941 and was followed 
by a Symposium on ‘Heavy Chemical Industries in India*; 
in this meeting a number of interesting papers were read and discussed. Un- 
fortunately 1 found it impossible to be present at this meeting, and we are 
grateful to Sir Shanti Swarup Bhatnagar for so kindly arranging the symposium, 
and to the authorities of the Delhi University and in particular to Prof. I). S. 
Kothari, Professor of Physics, for making the necessary arrangements for the 
meeting at Delhi. The second meeting was held in Calcutta in the rooms of 
the Royal Asiatic Society of Bengal on the 29th of August, 1941. In this 
meeting a number of papers were read and discussed, but the special lecture 
arranged for the meeting had unfortunately to be cancelled. 

The Council for the year was elected at the sixth Annual Meeting held at 

Council Benares on the 2nd of January, 1941 and has served through- 

out the year without any change. Seven Ordinary meetings 
and two emergency meetings were held during the year ; the attendance of 
the members in these meetings woe fairly satisfactory. 

Three numbers of the Proceedings^ one number of the TramacHons and 

^ . one number of Indian Science Abstracts were published 

Publications. , . 

durmg the year under review. The preparation of the 
material for, and the editing of the Indian Science Abstracts involves a great 
deal of work, and the printing of this publication is also very expensive. Owing 
to the war the cost of printing in general has increased materially, and the 
Council has been faced with the serious situation of finding ways and means for 
the continuance of the activities of the Institute in this connection. We are 
particularly grateful to the Government of India for sanctioning an increase 
in their annual grant from Rs.6,000 to R8.7,000 from the current financial 


Publications. 


year. 

As a result of my experience of runnii^ the publications of the Institute 
since its foundation I am definitely of the opinion that it is not possible for any 
one parson to run the publications of a learned Society like ours without the 
active help of a number of editors and workers all over the country, while 
for the Indian Science Abstracts the question of having a permanent staff for 
looking after their preparation and publication is becoming more and more 
patent. 

The preparation of a Quinquennial Review dealmg with the progress of 
science in the country, to which a reference was made by Sir Ram Nath Chopra 
in his Address at Benares, could not unfortunately be taken up, but I hope 
the Council will arrange for its compilation this year. 
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The financial poaition of the Institute is detailed in the Balance Sheet 
appended to the Annual Report. Though the position is 
in no way alarming, there can be no question that our 
expenses are definitely on the high side, more particularly in connection with 
our publications. This in view of the daily increasing cost of publication is a 
serious matter, and attempts will have to be made, if we are to continue our 
activities, to have the annual grants-in-aid, which we receive from the Govern- 
ment of India and the Universities, increased. In this connection special 
mention may bo made of a grant-in-aid of Rs.SOO which was sanctioned by the 
Punjab University for the publication of a specially expensive paper in the 
Tramaction>8 of the Institute. I have aheady referred to the increase in the 
annual grant from the Government of India from Rs.6,000 to R8.7,000 which 
was sanctioned from the beginning of the current financial year. In addition 
we have received the following grants during the year : — 

(1) Rs.fiOO from the Calcutta University. 

(2) Rs.SOO from the Osmania University. 

(3) Rs,200 from the Dacca University. 

We are grateful to the authorities of these Universities for their support, and 
I hope that other Universities in the country will also help us to carry on the 
work of the Institute by sanctioning grants-in-aid. 

I have already referred to the sad loss by death during the year of two of 
Obituaries Honorary and three Ordinary Fellows, and short 

references to their career would not be out of place here : 

(1) Sir Albert 0. Seward, D.So., Hon. LL.D., F.R.S., formerly Master 
of the Downing College and the Emeritus Professor of Botany in the University 
of Cambridge, was elected as an Honorary Fellow in 1936. He was born in 
1863 and died on April 11, 1941, at the age of 77. Sir Albert has rightly been 
described as the founder of modern Paiaeobotany, and was vrell known as a 
teacher, research worker, author and administrator. Though he did not 
contribute any articles to our publications ho was the author of several im- 
portant papers on the Paiaeobotany of India. Indian Botany owes a great 
deal to his example and teaclung, and Science is much the*poorer by his early 
death. 

(2) Sir James G. Frazer, O.M., D.C.L., LL.D., Trinity College, Cambridge, 
was elected on Honorary Fellow in 1937. Sir James Frazer died at Cambridge 
on May 7th at the age of 87 years. Sir James’s fame was world- wide as the 
author of that cyclopaedic work *The Golden Bough* and many other studies 
dealing with primitive beliefs and institutions; Anthropology has lost an out- 
standing exponent by his death. 

(8) Sir Shah Muhammad Sulaiman was elected as a Fellow in 1937. 
After passii^ the B.So. exaraination from the ADahabad University he received 
a State Scholarship for studies abroad, and took the Mathematics Tripos of 
the Cambridge University. After practising for some years in the mofuasil 



30 


AKWTTAI* A0»RBlSfit. 


and the Allahabad High Court, he wob elevated to the Bench in 1920 at the 
early ago of 34, and after officiating on Beveral occasions was appointed the 
Chief Justice in 1932. In 1937 iie was appointed as a Judge in the Federal 
Court of India. He died at the early age of 56. By his sudden and untimely 
death India has lost not only a great jurist and a great scholar, but a true 
patron of learning. In spite of being taken up with legal work he made 
valuable contributions on the Theory of Relativity, the problem of the devia- 
tion of light, etc. He also published one paper in our Froceedirtgs. As the 
Vice-Chancellor of the Muslim University, Aligarh, he not only put new life 
into the work of the institution, but, what is probably more important, he 
established it on a firm financial footing. His sad death cut short a very 
promising career. 

(4) Dr. P. K. Koshy was one of the Founder Fellows of the National 
Institute. He was born in 1886 and breathed his lost on the 19th March, 1941. 
Dr. Koshy was well known for his anatomical work and was a distinguished 
teacher. The Anatomy museum of the Madras Medical College owes a great 
deal to his untiring zeal and eiiergy, and is in fact one of the best Anatomy 
museums in the East. In recognition of his researches he was elected a Fellow 
of the Royal College of Physicians at Edinburgh. 

(6) Dr. B, L. Bhatia was elected a Fellow of the National Institute in 
1937. He was one of the pioneers among the students of Biology in the I^unjab, 
and as a teacher played a very important part in popularising the study of 
Biology in the province. During his active service of some 26 years in the 
Punjab Educational Service he occuined various posts as an Assistant Pro- 
fessor, Lecturer and Professor of Zoology in the Government College, Lahore, and 
finally as the Principal of the Government Intermediate College, Hoshiarpur. 
After his retirement he started an Indian Science News Agency, but had to give 
up this work on being appointed eis the Principal of the Jind State College, 
Sangrur. He was one of the founders of the Society for Promoting Scientific 
Knowledge at Lahore, and for a time was the editor of its journal the * Raushani * , 
He was a great organiser and was connected with the management of several 
educational instituttons. Ho published a number of papers on Protozoa, and 
was the author of two volumes dealing with the Indian forms in the Fauna of 
Britieh India series. 

Sir Ram Nath Chopra in his Presidential Address at Madras in January 
1940 briefly discussed the organisation and development of 
Development studies and research in India and suggested a 

search. scheme for a body which could draw up a comprehensive 

scheme of scientific and industrial research, mobilise all 
available talent in the country by allotting problems to scientists and institutes 
best suited for their solution, provide necessary research facilities and adequate 
grants, and finally deal in enetenso with all scientific and industrial problems of 
the entire country*. 
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The abnormal conditions resulting from the war are probably responsible 
for very little attention having been paid to the highly important question of 
the development of research in pure science, but a great headway has been made 
in connection with industrial research. 

In his Address at Benares" last year Sir Ram Nath referred to the estab- 
lishment of a Board of Scientific and Industrial Research 
Board of S<fien- ^ Central Government. Since its inception and more 
trial Research. particularly during the year under review the Board of 
Scientific and Industrial Research has carried out very 
important and highly valuable work under the distinguished directorship of 
our Fellow Sir Shanti Swamp Bhatnagar. He and his associates have initiated 
and developed various rest^aroh schemes, several of which have already 
found application in industry in connection with the war, while others are 
likely to play a very important part in the industrial development of the 
country as e whole. In accordance with the policy adopted for the Board 
the results of these researches have been mode available to private industrialists 
in the country for the development of industry, and it is gratifying to note 
that as a result of these researches several industrial undertakings have been 
started in different parts of the country. This groat development is un- 
doubtedly to be attributed to the far-seeing policy and active interest of all 
members of the Board, as also the team-work of the various Research Com- 
mittees which have been working under its aegis. The Government of India 
realising the great value of the work carried out by the Board have decided to 
constitute it on a permanent basis. With this end in view Sir Shanti Swarup 
Bhatnagar has been confirmed in his appointment as the Director, and the 
Board is to be financed from an Industrial Research Fund, which wiU receive 
grants of 10 lakhs of rupees a year for a period of five years. It will be managed 
by a Board of Trustees consisting of some officials, and prominent scientists 
and industrialists, and its main function will be the fostering of industrial 
development in the country, A resolution to this effect was passed by the 
Central Legislative Assembly at Delhi in its November session. For this 
highly satisfactory state of affairs the country is indebted to the untiring 
efforts of the Hon’ble Diwan Bahadur Sir A. Ramaswami Mudaliar, Member 
in charge of the Department of Commerce and Labour, who is also the Chairman 
of the Board. 

This Board brings industrial research in line with other agenoies in the 
country dealing with special branches, such as the Indian 
Research Fund Association for medical research, the Im- 
perial Council of Agricultural Research for agriculture and 
animal husbandly, the Indian Cotton Committee for cotton, the Indian Jute 
Association for jute* the Lao Cess Committee for lac, etc. The name "Board 
of Soientifio and Ladustrial Research' as applied to the Board referred to above, 
however, is not strictly accurate, as the major part of the aotivities of the Board 
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Future Deve- 
lopment and 
necessity for a 
National Re- 
seardi Council. 


will be directed, 049 has been remarked above, towards fostering industrial 
developments in the ooimtry. 

In connection with scientific planning it has become essential in almost 
all civilised countries to think not of individual and sec- 
tional problems only, but of all scientific problems as they 
concern the country and community as a whole. These 
problems can roughly be grouped under two main heads: 
(i) those that concern the internal organisation of science, 
and (ii) those dealing with the relationship between all 
scientific work and developments in the country, The very complicated 
problems connected with the work and future of the workers who are employed 
in research on the one hand and of the multiplicity of sciences, institutes, 
universities and other cognate research agencies on the other have created the 
necessity for setting up organisations not only for organising, developing and 
directing their activities but safeguarding the int/erests of these scientific 
workers; these functions cannot be performed by bodies interested in one or 
other branch only. The phrase ‘organisation of research*, os that great biolo- 
gical philosopher, the late Professor William Morton Wheeler so aptly described, 
‘is nonsense if we take “research” in its abstract sense, for an abstraction, of 
course, is one of the things that cannot be organised. All wo can mean by 
the term is the organisation of the actual processes of research, or investiga- 
tion, and since these processes are essentially nothing but the living, fuhetioning 
investigators themselves, organisation of research can mean only the organisa- 
tion of the investigators*. All the same, the developments in the country in 
regard to applied research are so rapid and the conditions under which these 
are taking place so abnormal, mainly owing to the stress of the war, that it 
will not be out of place to repeat hero the note of warning from an editorial in 
Nature published in 1938: ‘the research organisations of the country should 
be truly national and responsible to the Federal Government alone. Even in 
an Empires the size of India, where the resources and needs of various provinces 
are widely different, it would seem that centralised organisation of research 
is the only way of avoiding waste of money and effort. The detailed planning 
of research must be in the hands of those with the necessary specialised know- 
ledge, and they must be able to act without suspicion of political or racial 
influence*. This, in other words, stresses the necessity for having a central 
co-ordinating and directing agency, and I would again very strongly urge for 
the consideration of the authorities the constitution of a truly representative 
National Research Council in India on the lines of the body which has been 
rendering such useful service m Great Britain ever since its constitution. Similar 
bodies are also doing invaluable work in Canada, South Africa, Australia, etc. 
As I stated on an earlier occasion, *The functions of this Council should not 
only include the defining of scientific policy but it should also act as an expert 
advisory body for planning and co-ordinating oU scientifi^o research in tlm 
country . The planning of scientific policy and co-ordination of research shotdd 
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be 80 arrdiBged as to preclude duplication and avoid wastage of talent and 
available funds, but without restricting the normal work of the universities, 
scientific departments and institutions, or in any way curbing individual 
initiative which is so essential for high class research. Such an authoritative 
body should also be able to help in bringing about the necessary reforms in the 
existing system of scientific education’. 

The National Institute of Sciences of India was started in 1935 in response 
to the keenly felt need for a body which could co-ordinate the work of all 
scientific societies, institutions, Government Scientific Departments and 
Services, and cognate agencies throughout the country. One of the main 
items of the programme laid down for the Institute was 

'to act through properly constituted National Committees in which other 
learned academies and societies will be associated as the National 
Research Council of India, for undertaking such scientific work 
of national and international importance as the Council may bo 
called upon to perform by the public and by Government.’ 

Unfortunately all efforts of the Institute for the establishment of a National 
Roseaxoh Council for India have been unsuccessful. The need for such a body 
in ooimeotion with the organisation, healthy and normal development and 
co-ordination of scientific research in the country is, however, too patent to 
require any further justification, and the Institute will l>e failing in its duty 
if it does not continue to press for the constitution of such a Council at an 
early date. 

II. ZoOBBOGBAPHy OF IWBIA. 


In the second part of my address I propose to discuss briefly the Zoo- 
geography of India, Zoogeographic studies can bo carried out along different 
lines in aocordanoo with the ideals in view, but the raison d'etre of all such 
studies is the elucidation of the constitution of the fauna of any particular 
area, its distribution, origin and relationships. 

Older authorities on Zoogeography like Wallace, Huxley, Sclater, Sharp, 
Heilprin and others mainly considered the present-day 
various groups of animals, with casual 
references to their geological history, and from the data 
thus obtained attempted to divide the surface of the earth into Koogeographioal 
regions or realms. In fact, as Ortmann^ remarked, 'any research in this 
di^otion is deemed incomplete that is not finished by the creation or discussion 


of ‘^regkms” This method resulted in the division of the earth’s surface into 
a varying number of realms or regions, 21 according to Sohmarda *, 6 according 


1 Froe. AineriJPhU. 8<Hi.,XLl, p» 271. (1902). 

* gdhan»da. K*. XWa Geoffr 0 $>hische Vtrbrtiiung der Tiere, (Wisn, 1863). 

y 
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to Solater ^ and Wallaoe 2 according to Huxley 7 according to Blytb 
9 according to Gill ®, 3 according to Bianford 4 according to Dahl ^ and 
various others. The regions were further subdivided into subregions or 
provinces, but the divisions were based mainly on the distribution of mammals 
or birds. In spite of Wallace’s assertion ® that his slightly modified scheme of 
Solater is applicable to all groups of the Animal Kingdom, there is little doubt 
that no one scheme can serve equally for all the groups. 

As Bianford one of our most distinguished geologists and zoogeo- 
Indlan Area graphers, remarked, ‘For the study of zoological distribu* 
tion there are few, if any, regions on the earth’s surface that 
exceed British India and its dependencies in interest. The area is large, 
nearly 1,800,000 square miles, and although the vertebrate fauna is by no 
means thoroughly explored, it is well known throughout the greater part of 

the area The variety in elevation and of climate is remarkable ; the 

country is bounded on the north by the highest of known mountain ranges, 
and by the loftiest plateau on the earth's surface, and it includes within its 
limits both the almost rainless area of the Sind Desert, and the locality in the 
Khasi Hills distinguished by the heaviest rainfall known. Another element 
of interest is the fact that the Peninsula of India is a land of great geological 
antiquity, there being no evidence to show that it has over been submerged, 
although the greater part of the Himalayas and Burma have at times been 
beneath the sea.' Bianford admirably defined the limits of the area as 
consisting ‘of the dependencies of India with the addition of Ceylon, which, 
although British, is not under the Indian Government. Within the limit 
thus defined ore comprised the whole of India proper and the Himalayas, the 
Punjab, Sind, Baluchistan, all the Kashmir territories with Gilgit, Lodak, 
etc., Nepal, Sikkim, Bhutan and other cis-Himalayan States, Assam, the 
countries between Assam and Burma, such as the Garo, Khasi and the Naga 
Hills and Manipur, the whole of Burma with Karenni, and of course Tenasserim 
and the Morgui Archipelago, and last the Andaman and Nicobar Islands.’ 
With this we have also to include the Laccjadive and Maldive Islands, which 
not only are under the Indian Government, but the fauna of which shows very 
distinct aflanities with that of the Indian area. On the other hand Burma, 
which administratively is now a separate entity, must still in view of the faunis- 
tio relationships be included within the Indian area. 

^ Joum. Proo* hmn. 8oc. London (Zool.), II, pp. 130-145, (1858). 

* Wallace, A. R., The Qeographioal DieiHbut^n of Animals, YoU, I, II, (I<ondon, 1870). 

a Proc. Zool. Soc. Lemdon, pp. 294^319, (1808). 

♦ NtUv/re, III, pp. 427-429, (1871). 

a Proc. Bid. Soc. WashvngUmt II, pp. 1-39, (1884), 

« /Voc. Geol. Soc. London, pp. 76, 77, (1890). 

7 Dahl, F., Odcohfjfische Tiergtogmphie, I, pp, 102-106, (1921). 

• Nature, XLIX. pp. 610-618, (1894). 

a P/wl, Tmtw. /Joy. iSoc. Z/on<io», exerv, p. 336, (1901), 

ia Bianford, W. T., Poun. Brit. Ind., Mammalia, p. iv, (1889)* 
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It will he presumptuous to claim that we are, by any means, fully 
acquainted with the forms of animal life which inhabit this 
sTiboontinent, but one would not be far wrong in saying 
that we are today fairly well informed about the main 
features, and in many cases, even the details of its fauna. The limits of India, 
as defined above, fall mainly within the Oriental Region of Wallace or the 
Eastern Palaeotropical Region of some authors. Probably, however, as 
Blanford suggested, the best name for the region, owing to the earlier use of the 
name Oriental by the botanists for South-western Asia and Persia, is Indo- 
Malay, as explored by Elwes for Birds. This name also is not very suitable, 
as practically the whole of the Western Frontier Province, the greater port 
of the Punjab, and the Western Himalayan area to the western limit of Nepal 
with Gilgit and Ladak should undoubtedly be included in the Holarotio or the 
Palaearctio Region rather than the Indo-Malay. Further, parts of the Indo- 
Gangetio Plain show closer affinities to the West/em Frontier territory than to 
the rest of the Indo-Malayan area. 

Owing to the heterogeneous nature of the faunas of the different parts 
the division of this vast area into subregions is not an easy 
SubreR^ns of Xho affinities of the faunas of the different areas 

are very complicated and probably the best course under 
the circumstances is to take phyaiographical rather than zoogeographical tracts 
as the basis for the consideration of the faunas of different parts. In this 
connection it will be useful to consider here briefly the history of the various 
attempts that have been made by earlier workers for subdividing the Indian 
area into subregions, Jordon ^ taking the Birds and Gtinther ^ the Reptiles, 
as the bases for their conclusions, divided India into several subregions, but 
their subdivisions wore based mainly on geographical units rather than on the 
available zoological data. Blanford * basing his scheme on the distribution 
of the Land Mollusoa divided India into four Provirujes which he designated : 

(1) the Punjab Province; (2) the Indian Province proper; (3) the Eastern 
Bengal Province; and (4) the Malabar Province with Southern Ceylon. The 
Indian Province proper was subdivided into four sub-pro vinces. Elwes * who 
considered India with Malay Peninsula as a single unit (Indo-Malay Region) 
for Birds, divided it into three subregions: (1) Himalayan or Himalo-Chinese; 

(2) Indian; and (3) Malay. Wallace ^ from a general consideration of the 
distribution of all the groups of animals divided the Oriental region into: 
(1) Hindustan or the IndUan subregion consisting of the whole of the Peninsula 
from the foot of the Himalayas on the north to somewhere near Seringapatam 
on the south-east and Goa on the south-west; (2) Ceylon and South India; 


^ Jardon, T. 0., Bit<U of India, p. xxiax, (1802). 

* OUnther, A, C. L. G., of Br^iah India, p. vii, (1864). 

* Jottf. A#, fifoc. Bmgal, XXXIX, pt. U, p. 836, (1870). 

* BIwob, H. J., Proe. Zooh Soe, London, pp. 662-682, (1878). 

* Wallas, A. R,, op. eit,, I, pp. 81, 82, 321-334. 
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(3) Himalajan or Indo-Gluneae subregion oomprising the Himalayas as far 
west as Kashmir from the base to an elevation of 9,00(>"10,000 feet, and the 
countries east of the Bay of Bengal, Assam, Biu^ma, Southern China, Siam and 
Cochin China; and (4) Indo-Malaya or the Malayan subregion consisting of the 
Malaya Peninsula and the Archipelago. Kobelt ^ basing his conclusions 
mainly on the distribution of the Mollusca divided it into : (1) the north-western 
area of the Indus Plateau limited in the south-east by a boundary running 
almost in line with the Aravalli mountain range; (2) the greater part of the 
Peninsula in the south bounded by a line from Goa on the west to Madras on 
the east, on the north-west by the Aravalli range and including almost the 
greater part of the Gangetic shed — the latter bordered on the north by the 
Himalayan chain and on the east by a line running from the eastern border 
of Nepal to a little to the west of Calcutta; and (3) the Basin of the Brahma- 
putra including a part of Bengal, the wliole of Assam and the hill areas of the 
Garos, Nagas, etc., and bounded on the east by a line running from Cape 
Negrais along the Arrakan Yomas and then miming further east along the 
Irawadi river to Tibet. He did not include Burma and Tenasserim in this 
account. Sharpe ® from the distribution of the Birds divided the Indian 
region into; (1) Indian Peninsular subregion; (2) Indo-Malay subregion; (3) 
Indo-Chinese subregion; (4) Himalo-Malayan subregion; and (5) Hinmlo- 
Chinese subregion. Blanford ^ in the Introduction to the Mammalia in the 
Fauna of British India divided the region into six subregions: (1) Tibetan; 

(2) Himalayan; (3) Indian; (4) Malabar or Ceylonese; (5) Burmese; and (6) 
South Tenasserim. Newton* and Gadow® in discussing the distribution of 
Birds and W. L. Sdater ® of the Mammals, followed Wallace, but united his 
Indian and Ceylonese regions into a single unit. Blanford ^ in his classical 
work on tim Distribution of the Vertebrates of India, divided the whole area 
into 6 subdivisions: (1) The Indo-Gangetic Plain; (2) the Indian Peninsula; 

(3) Ceylon; (4) the Himalayas; and (5) Assam and Burma, and further sub- 
divided these into 19 tracts. Aloock ® taking the freshwater Crabs as the basis 
for his work divided India into 6 territories: (1) The We^stern Frontier territory ; 
(2) Western Himalayan territory; (3) North-Eastern Frontier or Eastern Hima- 
layan or Eastern sub-Himalayan territory; (4) Burma-Malay territory; (5) 
Peninsular territory; and (6) Indo-Gangetic Plain, Annandale found that 

1 Kobelt, W., Her, Senckenberg* na^rf, Gesel. Frankfurt a. iltf., pp. S9-104, (lS9d). 

« *901., Ill, p. 108, (1S93). 

> Blanford, W. T., Faun. Brit. MammaUa, p. iv, (1888), 

* Newton, A,, Dictionary of Birdst p, 356, (1898). 

6 Oadow, H., Bronn^s Klauf . Ord. Thier., Vogel, p. 296, (1893), 

« Sdater, W. b,, Geogr. Joum., VII, p. 380, (1806) j also see Sdater, W. L, and Sdater, 
P. L., The Geography of Mtmmcds, (1899). 

7 PWZ, rwn#. Boy. j9oc,Xo«don, GXCIV, pp. 843^348. (1901). 

» Aloock, A. W., Oat. /nd. Dec. Orust. CoU. Ind^ Mu9., pt. i, fasc. ii, pp. 9-14, (1910), 

* An n an d ale, N., Faun. Brit. Ind., Fr&thw. Bpongee, Hydro^ and pp. 7-10, 

{m\). 
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the distribution of the freshwater Sponges and Polyzoa confirmed Aloook’s 
oonolusions, but it was necessary to divide the Peninsular territory into (a) 
the main area consisting of the Peninsula east of Western Ghats, and (6) Malabar 
zone including the Western Ghats from Taptee River to Cape Comorin and 
eastwards to the sea. He also considered Ceylon as a separate territory. 
Stephenson ^ in discussing the Geographical Distribution of the Oligochaeta 
opined that in addition to the territories recognised by Annandahj it was 
neoessaiy to separate the narrow southern end of the Peninsula below the level 
of Goa and south of the fifteenth parallel from the eastern to the western 
shore as a distinct region. Christophers® for the Anopheline mosquitoes 
divided India into 6 areas: (1) Trans-Indus area; (2) Indo-Gangetic area; 
(3) Peninsular area; (4) Malabar and (k?ylon; (6) Assam and Burma; and (6) 
Himalayan area. Taking into consideration the results of systematic work 
on various groups of animals I * suggested the following scheme: (1) Western 
Frontier Territory including Baluchistan, the North-Western Frontier Province 
and the greater part of the Punjab; (2) the Himalayas consisting of the Upper 
Indus Valley with Ladak, Gilgit, etc., the Western Himalayas from Hazara to 
the western limit of Nopal, and the Eastern Hitnalayas from the limit of the 
Western Himalayas to the Mishmi Hills above the Assam Valley ; (3) Assam and 
Burma comprising the greater part of the Lower Brahmaputra Drainage System 
and the Burmese territory including Tenasserira ; (4) the Gangetio Plain to the 
east of Delhi, and including the whole of the United Provinces, Bengal, and parts 
of Assam up to the hem of the Assam Hills, together with the plain of the 
Brahmaputra os far as Goalpara and Cachar, Sylhet and the plains of Tipperah ; 
and (5) Peninsular India, with the Malabar zone os a very distinct subdivision, 
and Ceylon. Malcolm Smith ^ suggested the division of the Indian subregion 
into : (1) the Desert Area or North-West India including Baluchistan, the 
North-West Frontier Province, the Punjab, western Rajputana as far an the 
Aravalli range, and Sind; (2) Kashmir and the Western Himalayas as far east 
as, but not including, Nepal; (3) the Qangetic Plain, extending from the valley 
of the Indus in Sind to the right bank of the Brahmaputra in Bengal ; (4) Central 
India — the tract of country lying between the Gangetio Plain and the Deccan 
and bounded on the west by the Aravalli range and on the east by the Chota 
Nagpur area; (6) the Deccan, consisting of the gieater part of the Peninsula 
of India between 12® and 21® north latitude; (6) the Mountains of the Malabar 
Tract and Ceylon; and (7) the Chota Nagpur Area, consisting of Biliar south 
of the Gangetio Plain, the northern part of Orissa and the eastern part of the 
Central Provinces. Recently Mahendra s from a study of the distribution of the 
amphibian and reptilian species divided India into ten provinces: (1) the arid 

^ Stefpheti«)n, J., Faun* BrU* Ind*, Oligoehaetat pp. 12-13, (1923). 

® Chriatophetft, S. R., Froc* F<ntnk Entomoh MtiUing, pp. 206-208. (1921). 

■ * Pwwrimd, B., Iwiim Empire, pp. 190, 101, (Calcutta, 1027). 

* Smjlth, Malootm, A., Fmm* BrU. Ind., BepHlee and Amphibia, I. pp. 10-21, (1031), 

« BfAmce and IV, pp. 874-377, (1980). 
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or Bemi-arid Province of North India; (2) the Western Himalayas; (3) the 
Trans-Gangetio Province; (4) Southern Burmese Province; (5) the Gangetio 
Plain and the adjacent country as far south as 20° latitude; (6) South India 
below 20° latitude excluding the Travancore Province; (7) the Travanoore 
Province; (8) Ceylon; (9) the Andaman Islands; and (10) the Nicobar Islands. 

These attempts to divide the vast area of continental India, useful as they 
are, have unfortunately not helped materially in unravelling completely the 
very complicated questions of the origin, distribution and relationships of its 
fauna. In what follows I pi opose to give a brief outline of the faunal constitu- 
tion and their relationships for the different parts in accordance with my scheme 
referred to above. 


The fauna of the Western Frontier Territory is markedly different from 
that of the rest of the area. Practically all the genera of the 
Kr^der ^ Vertebrates are either Palaearctio (Holarctic), or are peculiar 

to this subregion ; the relationships of the latter are also with 
the Palaearctio rather than with the Indo-Malayan forms. 
Blanford basing his views on the distribution of the Vertebrates suggested that 
this subregion should be classified with the Eremian or Mediterranean subregion 
of the Palaearctio, and this view has been fully confirmed by the distribution 
of the various groups of the Invertebrates that have been studied since 1901* 
Some forms of the Gangetio Plain have also migrated into this subregion, but 
they ore of no importance from the zoogeographio point of view. Thb Western 
Frontier Territory consists of desert or semi-desert tracts, except near the 
rivers or the artificially irrigated and cultivated parts. The annual rainfall 
is not heavy, and the fauna on the whole is poor. 

In the Himalayan subregion the ranges above the forest limits, a port 
of the Tibetan plateau and the Upper Indus Valley inolud- 
^ * ing Ladak, GiJgit, etc., constitute a distinct division. 
This area is very bore, the mountains are perpetually covered with snow, 
and there is a very great difference in the altitudes of the mountainous 
ranges on the one hand, and of the intervening valleys on the other; 
the annual rainfall is generally low. Our information about the fauna 
of this part is not sufficiently detailed, but in the main it is almost entirely 
Palaearctio; In view of these faunistic affinities this division may later 
have to be included with the Western Frontier Territory. The second 
division consists of the forest zone of the Himalayas from near the base to an 
altitude between 10,000-14,000 feet, the uppermost limit of the forest zone. 
It forms a belt of varying breadth between the higher mountain ranges and the 
Indo-Qangetic Plain, The rainfall in this division is heavier, more so in the 
eastern than in the western parts, and the forests of the eastern ranges are 
also more extensive, richer and truly tropical. A fair number of Palaearctio 
animals from the higher mountain ranges wander down into the forests, while 
a few species penetrate northwards into the rather warmer valleys from the 
plains in the south. The western forest region has a predominantly Palae* 


Himalayas. 
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arctic fauna, while the ©astern, which has a very marked Malayan element, waa 
on this account separated with Assam, Burma, etc., into what Blanfoid 
designated as the Trana-Gangetio subregion. 

In Assam and Burma the northern region, comprising the northern part 
8fi m and drainage area of the Brahmaputra and Assam, con- 

Burma tracts with dense forests except in the plains 

of Assam; the annual rainfall in this tract is fairly heavy. 
Physiographically, parts of this area belong to the Indo-Gangetio Plain, but 
its fauna is distinotly Burmese. In Up}>er Burma, which is roughly the drainage 
area of the Irawadi, there is a large number of hills thickly covered by forests, 
while the undulating ground between the mountains is densely overgrown 
by brushwood and high grass; the annual rainfall iii this region is pretty 
heavy. The Tenosaerim area consists of two distinct tracts, (i) the northern, 
covered by thick forests on a hilly ground and witli a fauna of the Burmese 
type; and (ii) the southern area which in its physiography is similar to the 
northern; the annual rainfall in this tract is not so heavy as in the northern 
area, and its fauna is distinctly Malayan. The Andaman and Nicobar Islands, 
which ore also included in this subregion, are covered by dense forests and have 
a heavy rainfall. The fauna of these islands is by no means identical; the 
Andamans having an impoverished Burmese fauna, whiU^ that of the 
Nioobars is undoubtedly Malayan. 

Since the main part of the Indus Plain has been separately considered 
above in the Western Frontier Territory, I use the name 
Gangetio Plain for the rest of the Indo-Gangetic watershed. 
Its extent has been noted already, and its physical features only need be con- 
sidered. Most of the western area is cleared and used for cultivation, and 
only some of the uncleared areas are covered by tall grosses. The amiual 
rainfall generally is not very heavy. In the eastern part of the area, except 
for the Sunderbon forests in the deltaic region of the Ganges, the country is 
similar to that in the north-western part, but the rainfall is heavier, and there 
are more extensive tracts of uncleared land. The fauna of the area is generally 
of the same type as that of Peninsular India, but in the north-eastern parts 
there is a large admixture of the eastern or Blanford*8 Trans-Gangetio types. 
The freshwater fauna shows a very marked similarity and in many oases actual 
identity with the forms occurring in the Indus System. 

The greater part of Peninsular India, with the exception of the Malabar 
Tract, consists of either cultivated land or low hilly country 
covered with brushwood or thin forests; the average rain- 
fall is from 35-50 inches. In the Malabar Tract, on the 
other hand, we have the high mountain ranges of the Western Ghats and the 
west coastal area of the Peninsula. Most of this part is covered with thick 
tropical forests, though there are many places near the coast which are cleared 
and cultivated* The island of Ceylon, like Peninsular India, consists of two 
types of country. About three-fourths of the island along the north and the 
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east resembles the main area of Peninsular India, and is almost plain or only 
slightly undulating country of no great elevation, with an average annual 
rainfall of about 60 inches. The rest or the south-western part of Ceylon, 
like the Malabar Tract, is hilly, with rich tropical forests and an average rain- 
fall of over 100 inches. 

In this area a peculiar admixture of the different faunas seems to have 
taken place. In main characteristics the fauna of this area differs from that 
of Blanford*B Trans-Gangetic partly in the absence of numerous Eastern Types, 
and partly by the presence of two other distinct constituents, which form, 
especially in the forests, the majority of the animal population of the area. One 
of these constituents to which Blanford gave the appropriate name — ^the Aryan 
faunal element — consists of certain genera of mammals, birds and reptiles. 
The typical genera of this Aryan element are, for the most part, represented in 
the tropics of Africa at the present day, but do not occur in Western Asia or 
Northern Africa. Other genera of the Aryan element found in Peninsular India 
occur in Western Asia and are represented at the present day by allied species. 
Both these groups of genera are well represented in the Pliocene Siwalik Fauna 
of the Himalayan foothills, and it appears probable that most of them are 
descended from animals which appeared in India, so far os we know at present, 
in the Pliocene period; a few, however, may be later migrants. On the whole, 
this Aryan element is subtropical rather than tropical, and is best developed 
in ports where the rainfall is moderate. Several of its most conspicuous and 
characteristic members, such as the Antelope and Nilgai, are not found in the 
extreme south of India or in Ceylon, and they are inhabitants of the grassy 
and bush-covered plains with scattered trees, not of dense forests and bamboo- 
jungle in which the gaur and the elephant flourish. The second constituent 
of this fauna is the Indo-Malayan or the Oriental element. It is more 
diffuse and much more richly represented in the damp tropical forests 
of Malabar and Ceylon than in the drier parts of the Peninsula. The 
diffusion of the Indo-Malayan element seems to indicate that it is older than 
the Aryan element mentioned already, but there can be little doubt that it is 
an immigrant and not an indigenous element, for it is only an impoverished 
representative of the typical Oriental life found in the countries to the east 
of the Bay of Bengal. Its main representatives are amongst birds and mam- 
mals, and like the Aryan it appears to have migrated into Peninsulai' India 
about the Miocene times driving the earlier Bravidian into high ranges of hills, 
etc. Some authors have opined that the Oriental or the Indo-Malayan fauna, 
owing to the presence in it of representatives of the Lower Miocene, and Oligo- 
oene faunas of Europe, is of Palaearctic origin and that it was driven down 
into the tropics by the diminishing temperature of the Holarotic region 
in the Miooene times. The third element in this fauna that can be re- 
cognised diatinotly firom the other two is what Blanford termed Bravidian* 
It is thoroughly tropical and damp-loving, and is only represented by lower 
groups of the ^mal Kingdom, viz,, reptiles and batraohians. It is probabie 
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that this is the oldest element and may have inhabited the oountry since India 
was connected in Mesozoic and early Cenozoio times with Madagascar and South 
Africa, across what is now the Indian Ocean, 

In the fauna of the Peninsula in Malabar and Ceylon there is a much 
greater concentration of the Oriental element. There are, for example, various 
mammals, reptiles, batrachians, fishes, and invertebrates, which are repre* 
sented in Burma and the Malay countries but not in northeni India. There 
is also the occurrence of certain Himalayan species on the mountains of Southern 
India and in Burma and even further south but not in the intervening area. 
These faunal anomalies have been explained as a result of the Glacial Epoch, 
but the explanation is not quite satisfactory, though it is hard to understand 
how otherwise the animals of temperate Himalayan types ooiild have migrated 
to the hills of Southern India and Ceylon on the one liand, and those of Burma 
and the Malay Peninsula on the other. After the Glacial Epoch when the 
oountry became warmer, the Oriental fauna must have migrated rapidly from 
the south-east into Eastern Himalayas. At the present day the comparatively 
narrow plain of the Brahmaputra in Assam is far more extensively covered 
with forests than the much broader Gangotic Plain, and ii‘, as is probable, the 
same differences existed at the close of the Glacial Epoch, it is easy to under- 
stand why the Trans-Gangetic fauna of Burma and the south-east had greater 
chances of occupying the vacant region of the Himalayas than the Cis-Gangetic 
fauna which had been driven miioh further south by the cold. A reference 
may here be made to the Aethiopian element in the fauna of Peninsular India. 
As was pointed out by Annandale i, several groups of Invertebrates, Sponges, 
Polyzoa, Hydroids, Oligochoetes, Crustacea and MoUusca, found in the Malabar 
tract, show a very great affinity, if not distinct identity, with the forms found 
in Africa. 

Finally, reference may be made to some palaeogeographic facts in regard 
to the origin of the Indian fauna. The early Tertiary or 
placental mammals of Europe, and presumably also those 
of Asia north of the Circum-contmental sea, the letbys, 
drifted either as such or as their descendants by certain 
routes — of which we have only indications — into the fragments of Gondwana- 
land represented by Aethiopian Africa on the one hand and Peninsular India 
on the other. Meantime, evolution went on rapidly to the north of the Tethys 
giving rise to the more modern and highly evolved types of mammals. About 
the end of Tertiary times, as a result of the receding of the Tethys, communica- 
tion between the northern with the southern lands seems to have become 
oaaier, and this, combined with the climatic changes, led to a great rush south- 
wards of the more modern types. These overwhelmed the earlier fauna in 
the southern lands, driving its few representatives into the more outlying or 
ttjdand areas, or wiping them out altogether off the face of the earth. In the 


^ Amumdale, N., Proc. Nin$h ItUemcU, ZooU Monaco, pp. 679-608, (1914), 
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case of the Oriental region the Central HimalayaH which had meanwhile 
risen as the mighty motmtain chain of Asia and the Tibetan plateaux to their 
north formed a real barrier. In the north-west, where this mountain chain is 
comparatively less higher and km continuous, this barrier was not so effective, 
but the Afro-Asian arid belt which is continued into India as the Sindh desert, 
formed a very efficient barrier. Through the passes in the north-west of the 
Himalayas the recently evolved mammals found their way into India, but 
naturally only forms wliioh could withstand arid conditions or were adapted 
to mountain life, were able to use this route. The areas further to the oast, 
which have been clothed for a long time with forests and are without high 
mountain barriers, offered greater facilities for the spread of animals adapted 
to wooden regions, India proper may thus be conceived os having had two 
converging streams of immigrants, one coming from the north-west and the 
other from the north-east. In view of the fact that the Indian Peninsula 
narrows southwards, it is clear that very few representatives of the Tertiary 
fauna in this area could successfully withstand the inroads of the more highly 
evolved immigrants from the north. The area to the oast of the Assam neck, 
or the region where the Bay of Bengal pushes upwards towards the Himalayas 
narrowing the country into a bottle-neck shape, was, however, more favourably 
placed in this respect, as only a few immigrants were able to travei'se the Assam 
neck. Further, as the members of the earlier fauna were pushed southwards 
by the incomers into an area of almost equatorial climoto, it is not’ difficult 
to surmise that atirvival was possible only for such forms os could adapt them- 
selves to the highly specialised climate and surroundings. As a result this 
earlier element of the fauna was mainly wiped out, and at the present day is 
only poorly represented in the area. 

In this account I have not considered the very interesting cases of the 
ooourrenoe of identical aquatic species in the Indus and the 
Ganges river systems, wliioh at the present day constitute 
quite distinct and unconnected systems. This has been 
explained on the h3q)oth68is of a continuous river in place of the two river 
systems during the Tertiary times. The mighty river, which has been designated 
the Indobrahm by Pascoe or the Siwalik River by Pilgrim, is supposed to have 
run from the east to the west and broken up into three river systems with the 
elevation of the Himalayas, resulting in similar forms being left in thediffeirot 
river systems Similarly closely allied, if not identical, aquatic species which 
occur in Bengal-Assam region on the one hand and Peninsular India on the 
other, are to be explained on the basis of very different river systems during 
the Tertiary times in these areas, and the changes that occurred during recent 
geological times due to river captures, beheading of rivers, etc. In this con- 
nection the continuity of the mountain ranges of the Ghota Nagpur Plateau 
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1 For a detailed diecuBaion of the present position in reference to this Tertiary river, 
see Prashad. B., Beo. Owl. Surv. Ind., LXXIV. pp. 566-501, (1989), 
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waatwards to the Satpura range and eastwards to the Himalayas has also been 
suggested, and it is surmised that along this continuous chain of mountain 
ranges the migration of the Himalayan aquatic fauna to Peninsular India 
took place. Further work in connection with these problems is, however, 
necessary before they can be satisfactorily dealt with. Similarly the occur- 
rence of 7^yphloperipatwi in the Abor Hills of Assam, Herpele in Assam, Psevdo- 
mtdleria in the Kadir Hills of Mysore and other archaic types needs a great deal 
more of intensive zoological work before their relationships and distribution 
can be properly understood. 




RADIO-ACTIVITY OF RUBIDIUM. 


By P. K. SKW-CHOWOHTrEY, M.8c.^ Research Scholaty Palit Research Lahoratoryy 
University College of Science, GalcvMa, 

(Communicated by Prof. M. N. Saha, F.R.S.) 

(Read January 1, W42.) 

Introuttotion. 

Since the discovery of radio-activity of nibidiun) by (Campbell and Wood 
(1906) much work has been done to elucidate this nuclear process and though a 
good deal of information has been obtained the problem is far from being 
closed. The points which have to be tackled may be enumerated as follows: — 

(1) The particular isotope of rubidium which is responsible for the 

/3-actmty. 

(2) Half-life of the radio-active isotoixn 

(3) |3-Ray energy-spectrum, the maximum energy of the emitted 

/S-rays and also whether any y-ray is emitted. 

(4) The spin changes in the nucleus giving rise to the )3-ray emission, 

and the discussion of the continuous energy-distribution curve 

from the theoretical standpoint. 

These points are taken one after another. 

(1) Rb-woiope responsible for Paciivity. 

Rubidium has two isotopes, viz. Rb**^ (73%) and Rb®7 (27%). It has 
been conclusively proved that jS-emission is due to Rb®^, and a brief references 
to the works leading to the conclusion may be given. Klemperer (1935a) 
and Hevesy (19356) suggested that the radio-activity of rubidium was due to 
the active isotope Rb®®, whereas Nier (1936) and Sitte (1935c) gave arguments 
in favour of Rb®7. Hahn, Strassman, Walling and Mattauch {1937a) have 
however definitely proved that the active isotope is Rb®^. They separated 
atrontium from a specimen of mica geologically very old and containing a little 
rubidium, and found by mass-speotrographio analysis of the sample that the 
separated strontium was almost 100% Sr®^. The naturally occurring abundant 
isotope of strontium is however 8r®® of frequency 83%. This conclusively 
proved that Sr®^, which is found in the mica, must have arisen from a )8-ray 
body which must be Rb®^, and is therefore the active isotope. Smythe and 
Hemmendinger (19376) have also confirmed this by separating the isptope 
Rb®^ by a hi^ intensity mass spectrometer, 
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(2) Half-life of Rb. 


The half-life of rubidium has been determined by Hahn and Rothenbach 
(1919), Holmes and Lawson (1926), Miihlhoflf (1930), Orban (1931) and Hahn, 
Strassman and others (1937c), and their values are given below : — 


Hahn and Rothenbach 
Hohues and Lawson 
Muhlhoff 
Orban 

Hahn, Strassman, ei aL 


7‘5X 10 years. 
1-4X1011 „ 
4‘3xl0ii „ 
LGxlOii „ 
3*15xlOio „ 


All these values are much larger than the half* lives of Ur (4*5 x 10* years) 
or of Th (16»5 X 10* years). 

The methods used by them are all based on the law 


and 





We have to take a definite quantity of rubidium and find out the number 
of jS-rays emitted per sec. Then A is directly obtained from (a). 

Though the theory is simple, its application is attended with considerable 
difficulties. As the emitted /S-rays are of very low intensity and low energy, 
it is very difficult to count them accurately. The energy spectrum of Rb 
reveals that some of the emitted electrons will be stopped even by a thin 
layer of the substance itself of a thickness of only a few milligrams per sq. cm. 
It is very difficult to prepare a uniform thin layer of this order of thickness. 

Hahn and Rothenbach obtained the value of half-life from the ratio of the 
ionisation current due to thin layers of uranium and nibidium. From this 
ratio they found that the number of /S-rays emitted by the same quantity of 
rubidium and uranium is in the ratio 1 : 16. Holmes and Lawson from all 
the existent data at that time calculated half-life and mode some correction on 
Hahn and Rothenbach’s value. Miihlhoff introduced a thin layer of the salt 
inside a Gleiger-Muller tube coimter and from the rate of counting he deter- 
mined the number of ^-rays emitted by a known weight of the salt. Orban 
determined the half-life of rubidium by coxmting the number of tracks in a 
Wilson Chamber in which a thin layer of Rb salt was introduced. He made 
allowance for absorption in Rb-layer by detennining the value of average mass* 
absorption coefficient V/f’ of the emitted jfi-rays. But the half-Me was 
calcukted in edl these cases on the assumption that all the atoms of Rb are 
radio-active as the radio-active isotope Rb®^. Their values are therefore to 
be reduced proportionately. 

Halm, Strassman and others {loc. dt) have indirectly obtained the value 
of half-life for rubidium from the geologioal data which proved that Rb®^ is 
the active isotope. Their method of calculating the half-life is very instructive 
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and the account may be repeated here. On chemical analynis of one kilogram 
of a very old mica mineral whose age was estimated between 500 to 1,000 million 
years they found that it contained 2 to 3% of rubidium and 250 milligrams of 
strontium carbonate. Ninety-nine per cent of this strontium as shown by a 
mass speotrogiaph was Sr®^. Taking the perctmtage of rubidium present to 
be 2*6% and the frequency of Rb®^ to be 27%, Rb®^ present in one kilogram 
of the mineral is 


26x27 

100 


= 6*76 gm. 


Again 260 milligrams of SrCOg contain 148 milligrams of strontium and 
since the mass number of strontium and rubidium in this case is the same 
therefore 

No. of Rb®^ atoms transformed 0*148 1 • i i 

-m-ffEbsrjC5ri.SSir - W:S-= « 

Now by the relation (o) and (6) 

dN 0 - 6 »< 1 

_ = = 


Taking t xs 1 ,000 million years, T » 0*69 X 46 x 10^^ ss 3*1 5 X 10’ ^ years. 

Taking < « 500 „ „ T «= 1*68 x lO^o years. 

But there is an amount of uncertainty due to their assumption of the 
geological age of the mineral. This as is well known may vary within wide 
limits. 

Though the values for half-Hfe of Rb has be<m determined by so many 
workers there seems to be considerable disagreement in thc^ values obtained by 
different workers. An attempt has been made in the present investigation to 
determine the value of half-life of rubidium using a modei ately thick layer and 
correcting for absorption by the method of Orban. 


(3) energy spedru^ni, the fnaximum energy of emitted p^rays and 

edao whether any y-ray is emitted. 

The problem of determining the energy spectrum has not been attacked 
ae yet due to experimental difficulties. As the omitted )9-rayH are of very 
low-energy and low intensity, magnetic spectrograph cannot- be satisfactorily 
used for deducing the energy distribution curve. An attempt has bt^n made 
to deduce the approximate shape of the continuous energy spectrum of Rb by 
a new method suggested by Ooohialini (1931). 

The maximum energy of the emitted jS-raye has been determined by 
Klemperer {loc. cit.) and Libby and Lee (1939). Klemperer calculated the 
tuaximum energy from the absorption coefficient as determined by Muhlhoff 
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(foe, oi^.), labby and Lee used the magnetic deflection method as has been 
used by us. Their values are given below: — 

Klemperer . . . . 0*25x10® electron volts, 

Libby and Lee , , . . (0*13±0‘02)x 10® „ „ 

The two values are then extremely discordant. 

(4) The epin changes in the modern giving rise to the P-emission^ and 
the discussion of energy -distribution curve from the thoretical basis. 

The ^-activity of rubidium like the other light alkali metal potassium has 
some peculiarities which are not as yet very clear. From the experimentally 
determined maximum energy and half-Ufe of rubidium it is observed that it 
does not fall on the two main lines (log A agamst log curve) of Sargent's 
curve (1933a) corresponding to « 0 or 1, where At is the spin change of 
the nucleus in the transition, 

nO P^+^^+neutrino. 

Heyden and others (1938), by hyperfine-struoture analysis, have determined 
the spin of Rb®^ and Sr®^ to be 3/2 and 9/2 respectively. This shows that in 
the ^-emission from rubidium At =» 3. This type of transition again involving 
such a high spin change is highly forbidden by both Fermi’s (1934a) theory 
and Konopinski, Uhlenbeok (1935d) theory of jS-decay. In order to explain 
these anomalies Gamow (19346) suggested three alternative schemes for the 
^-deoay of Rb. But all of them were shown by Klemperer (loc. ciL) to be 
inoorreot. 

EXPjSBXHBNTAL TBOHOTQirB. 

The experimental method followed here was first suggested and used by 
Ocohialini and Boooiareii (1932, 1933) to determine the energy of the /S-rays 
emitted by potassium and rubidium. In recent years this method has been 
much improved and used by Libby and Lee (foe. cit.) of the California University. 
A screen-wall Geiger-Miiller counter is placed co-axially inside another brass 
cylinder on the inner surface of which the substance under investigation is 
placed below the screen- wall as shown in fig. 1. The screen- wall ooimtei* is 
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nothing but an ordinary tube counter with the difference that the tube is 
made of copper wire gauze-screen with widely separated meshes so that the 
emitted jS-rays can enter the counter without any absorption. The whole 
chamber is evacuated and kept at a pressure of a few cm, of mercury for 
the working of the counter. To determine the energy of the emitted jB-rays, 
a magnetic field is applied in a direction parallel to the axis of the counter. 
It is evident that the ^-rays entering the counter will be bent into circles 
in a plane perpendicular to the direction of the magnetic field, and the radius 
of curvature for a particular energy will be inversely proportional to tlie 
strength of the magnetic field. As this is increased it follows that the softer 
components of the emitted /5-rays, whose radius of curvature is less than half 
the distance between the sample-surface and screen-wall, will be gradually 
(Mit off and when the field is so much increased that the radius of curvature of 
the electron of maximum energy is just less than half the distance between 
the screen-wall and the sample surface, no electron will be able to enter the 
counter and the rate of counting will be only due to the background of cosmic 
rays and radio-active impurities if any. From tliis limiting -value the 
maximum energy of the emitted /S-rays can bo calculated. 

A screen-wall counter has the same type of characteristic curve as an 
ordinary Geiger counter with the only difference that it is necessary to keep 
the sample cylinder about 50 volts positive with respect to the screen-wall by 
an insulated battery in order to prevent the accumulation of ions in the 
intermediate space between the screen-wall and the cylinder, which ultimately 
stops the working of the counter. Another fact about this type of counter is 
that as the magnetic field is increased, there is a slight reduction of the back- 
ground counting due to cosmic rays and other radio-active impurities. In 
calculating energy this must bo taken into account. Within the range of the 
magnetic field used in this experiment the maximum number of counts n^iuoed 
was only 8 per minute, in a background effect of 80 per minute. 

Apparatus. 

The apparatus which was used is shown in fig, 1. The screen- wall counter 
is 2 cm. in diameter and made of copper screen with 7 wires per cm. each of 
diameter (b031 cm. The central wire is of tungsten 0-01 cm. in diameter. The 
internal diameter of the external brass cylinder is 8*4 om. At the two ends 
the braes cylinder was ground joined with the two glass pieces. The whole 
chamber could be evacuated through a side tube in one of the glass pieces as 
shown in the figure and then a suitable gas-mixture could be introduced at a 
suitable pressure for fJie working of the counter. The other gloss piece was 
opened whenever it was necessary to take out or introduce radio-active 
materials under investigation. Hydrogen mixed with a small amount of 
petroleum-ether has been used as the counter gas to minimise the scattering 
efieot* For many days the counter was worked with different proportions of 
4 
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hydrogen and petroleum -ether at different pressure to ascertain the beet 
condition of working and ultimately it was found to work satisfactorily at a 
pressure of 10 om. of mercury with hydrogen and petroleum-ether, in the 
ratio of 2 : 1. At this pressure, the counter was standardised for several 
days and found to have a plateau of 70 to 90 volts starting at about 1 ,200 volts. 
The rate of counting due to cosmic rays and radio-active impurities within 
this plateau region was found to be about 80 per minute on the average. 
The characteristic curve of the counter is shown in fig. 2. 



VOLTAGE 


Fiq. 2. 


The whole counter was placed oo-axially inside the coils of a large 
Weissmagnet from which the pole pieces were removed. This magnet is of 
Helmholtz coil pattern of about 10 cm. internal diameter with a gap of 10 om. 
between the two parallel coils. The magnetic field within this gap was found 
by on exploring coil to be nearly uniform. The field increased linearly with the 
increase of the current through the coil. The coils were constantly cooled 
by circulating water round them. The magnet was carefully calibrated by an 
exploring coil for different current and a calibration c\irvc (a straight line) of 
magnetic field in gauss against the corresponding current through the coil was 
drawn as shown in fig. 8. 

The pulses from the counter were amplified by a three-stage valve amplifier 
of the Neher and Pickering * model. This amplifier has been found to be 
very satisfactory in oosmio-ray work of this laboratcwry. Each pulse was 
automatically recorded by a mechanical counter worked by a thyratron valve. 


* Our thanks are due to Brs. Pickering and Nehor for instructing us in the use of 
tlie ampliUer during their visit to this laboratory in 1040 . 

4 » 
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Expkrimkntai. Results. 

Half 4ife of Rubidium. 

The value of half-life has been obtained by counting the number of jS-rays 
emitted from the surface of a thick layer of salt and correcting for self- 
absorption by Orban’s method (loc. cU.), Orban has shown that the number 
of ^-rays ‘n’ emitted per see, from 1 sq. cm* of a thick layer is given by 

n-.^.^-807xlO*« (c) 

2M fi 

where A disintegration oonstant, M ** molecular weight of the salt, K * 
number of radio-aotiye atoms in a molecule, p sa density of the salt, and 
/* ■* absorption ooeffioient of the emitted /S-rays. 

This exfueSaion can be easily deduced from the relation (a), assuming 
I/m to be the average range of the emitted j9-rays and remembering that 
only half of the emitted ^-rays will be transmitted upward. 
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In OTir experiment about 12 gms. of pure RbCl was uniformly spread 
over a flat aluminium dish 4 om, by 10 cm. in dimension and the dish was 
introduced into the counter below the screen tube. The characteristic curve 
of the counter with RbCl was again determined os shown in fig. 4 under the 
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same condition with the background. It is observed firom the curve that the 
rate of counting in the plateau region is about 350 per minute. Subtracting 
the background rate of counting 80 from this, the number of /S-rays recorded 
by the counter is 270 per minute. 

For finding out the efficiency and geometry of the counter, it was calibrated 
using a thin layer of uranium nitrate. 4'4d2 mg. of U02(NO()| . fiHgO dissolved 
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in ether was uniformly spread on a dish 4 cm. by 10 cm. in dimenBion and 
the dish was introduced into the counter below the soroen-wall. 266 counts per 
minute were obtained over the background counting. Rutherford and Gk)iger 
(1010) showed that 1 gm. of uranium emits 1 ’43x10® a-rays per minute. As 
uranium contains two a-emitters Ui and Vn and two / 8 *emitters Uxj and 
Ux 2 in equilibrium therefore I>43x2xl0® a and jS particles are emitted by 
1 gm. of uranium per minute. As there are 1*116x10"^ gm, of uranium 
nitrate per square cm. it follows from the number of counts obtained that 
only 8*794% of the particles emitted from 1 sq. cm. are recorded. Calibration 
was repeated again with 8-372 x gm. of UOg (N 08)2 • 6 H 2 O per sq. cm. 
and the percentage recorded was found to be 8-984. The mean of these two 
values 8-884% axe used for calculating the half-life. 

With the above experimental data, the value of disintegration constant 
A and hence T are calculated from the relation (c). The value of *p//x’, the 
reciprocal of the average mass-absorption ooeffioiont of the emitted /^-rays 
from rubiditim, is taken to be 1/160 as found by Orban. The value obtained 
for A and 7 axe os follows : — 

A = 8-065 Xl0-^^<>8eo-i. 

T = 2-763 X lO^i years. 

As the abundance of the active isotope Rb®^ is 27%, therefore correcting 
for this factor: — 

A = 2-986xl0-i» sec-i. 

7-459x1010 years. 

The value of half-life obtained by this experiment is nearly the mean of 
the values obtained by Miihlhoff and Orban assuming all the Rb-atoms to bo 
active. When corrected for the isotope frequency, the value of half-life is 
of the same order as predicted by the geological evidence of Hahn and others. 
There is, however, some error in the value obtained due to the fact that the 
relation (c) deduced by Orban appears to bo not very rigorous. Moreover, 
there will bo a little error due to back-scattering which may bo, as shown by 
Sohonlond (1923, 1925), about 13% in the very low energy region. 

The maximum energy and the continuous energy-distribution of the 
emitted ] 8 -partioles firom rubidium will be published and discussed from a 
theoretical point of view in a subsequent paper. 

In conclusion, with great pleasure I express my deep gratitude and thanks 
to Prof. M, N. Saha, D.Sc., F.B.S., whose constant encouragement and guidamse 
enabled me to complete this work. My thanks are also due to Dr. N. N. 
Dae^pta and to Dr. S. C. Sirkar for many helpful discussions, and to 
Dr. G, P, Dube for kindly helping me in mathematical calculations. I wish 
also to express my thanks to Messrs. Scientific Indian Glass Co., particularly 
to Prof. N. C. Nag, and to Mr. Sirkar of the above Company, who have very 
kindly oonstruoted the glass pieoes of our apparatus in their factory. 
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StmMABY. 

A brief reference to all the information available at present about the 
radio-activity of rubidium is given in the introduction. The half-life of 
rubidium has been calculated from the recent geological data of Hahn and others 
and the value obtained suggests that the present accepted value is too high. 
Therefore, the half-life was again determined with a screen -wall Geiger-Counter. 
The value obtained when (iorreoted for the abundance of active isotope is 
7-469 X 10’ 0 years approximately. 
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ON THE EXISTENCE OF AN ISOTOPE OF COBALT, Co.^’ 


By P. K; Sen-Chowdhuky, M,8c., Hesearch ScholaVy PaUt Research Laboratory, 
University College of Science, Galcutfa. 

{Communicated by Prof. M. N. Saba, F.R.8.) 

(ReMd January /, J942.) 

Since Sampson and Bleakney (1936a) reported that cobalt, besides having 
a main isotope of weight 59, has an isotope of mass No. 57 and frequency 
of about 0*2 %, there has been a certain amount of controversy over the existence 
of this stable isotope Co^*^. Working with their magnetic mass-spectrograph 
and using anhydrous cobalt chloride, Sampson and Bleaknoy obtained a peak 
at the mass No. 92. This peak they interpreted to be duo to 0o®7(38s. From 
the relative height of the peak they oalculated the abundance of Co®^ to be 
about 0*2%. They also supported their conclusion from the fact that two 
artificially radio-active isotopes of ordinary cobalt, namely Co®® aiid Co®^, are 
obtained by bombarding ordinary cobalt with fast and slow neutrons. They 
assume (19366) that these two are produced by tlie nontron capture of the two 
isotopes according to the nuclear process: 

Co«7+»i « Co68 == Ni®s+i8- 
Co5» + nl CO^ « 

From the empirical chart of nuclei of Saha, Sirkar and Mukhorji (1949), 
however, it follows that if Co®^ exists, it should be at least naturally radio- 
active and emit positrons according to the nuclear process: 

2^0067 « 2^,Fe®7-f ^ + 

Further, if it really occurs in natural cobalt to the extent of 1 : 600, it should 
be a long-lived one like or sT^b^^ and emit very slow /^-rays. The 

relevant portion of the nuclear chart is illustrated on p. 56. 

It will be observed that Oo®^ lies on the horizontal line corresponding to 
the isotope number 1 « 3, and the characteristic of the hnes having odd 
isotope number is that there are a number of stable elements in the middle, 
flanked by jS“-emitting elements on the left, and jS+-emitting elements on 
the right. In line 1 3, the stable isotopes are nCl®^, 

and (A*® — ^not yet discovered). From onwards, all isotopes are 

^-active up to apZn®*, the only exception seems to be arCo®^. Saha, Sirkar 
and Mukheiiji pointed out that if Oo®^ really occurred in natural cobalt to the 
extent of (1*8%, ordinary cobalt should show feeble radio-activity due to this 
isotope, just like potassium, in which radio-activity is due to occurring 
in the proportion of 1 : 8000. 
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In thii) chart tlie ab^iciBsaa repreaent tnaas*number A, the ordinate repreaents 1 , the 
isotope niunber which is defined as the excess of neutrons over protons in the nucleus. 
The parallel lines at 45®, to be called the Z -lines, represent atomic number ‘Z*. Thus 
all isotopes of same Z are to be found on the same Z-line. Each isotope is represented by a 
circle. Solid circles represent stable nuclei. Hollow circles with an arrow pointing up, ^ * 
represent (positron) emitting nuclei, when the arrow points down, / , they indicate 
)9- (electron) emitting nuclei. 


To detect if there is any feeble radio-activity of ordinary cobalt due to 
the isotope Co®^ (of assumed abundance 0*2%) a very sensitive j8-ray analyser 
consisting of screen-wall Oeiger-MOlIer Counter mounted radially in a uniform 
magnetic field as described by Libby (1939) and others was built up in this 
laboratory. It is described in the previous paper, This Counter as tested 
with rubidium and potassium (using a magnetic field) is capable of detecting 
efficiently emitted electrons having os small an energy as one Kilovolt, Using 
about 10 gms. of cobalt oxide and other salts of cobalt (Meroks’ preparation) 
with this Counter and giving prolonged expostire no increase in the counting 
rate over the background rate was observed. Prom this it is concluded that 
there is probably no feebly active isotope of cobalt in Nature and like uNa** 
and certain other elements with odd mass number and odd ohaige, it has only 
one stable isotope, of weight 59 and having 100% frequency. 

It may be further mentioned that Aston (1933) has found no trace of any 
isotope of cobalt. He is of the opinion that cobalt is a simple atom of mass- 
numl^r 59. Hahn is also of the opinion that the peak obtained by Bleakney and 
Sampson is due to some impurities and that there is no stable Co®^. The peak 
obtained by them at 92 may be due to Mn^^Cl*^ ? Moreover the radio-active 
isotope of cobalt, e.g. Co®® of about 20 m. period as stated above by Bleakney 
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and Sampson in support of their conclusion to be formed by the neutron captuie 
of geems to be incorrect, for a study of the original report of Rotblat 
(1935) to which reference has been made by Bleaknoy, etc., it is found that 
the former at first obtained the radio-active cobalt of period about 20 minutes 
by bombarding nickel by neutron from a Radon-Beryllium sourc^e, Rotblat 
assumed the active isotope to be formed according to the nuclear reaction : — 

Ni0o+n « 27 Co«o+H1 

He confirmed it by bombarding cobalt with slow neutron when a similar 
period was obtained which he attributed to the reaction : — 

CoW+oni = CoW 

Bleakney and Sampson however assume it to be^due to the reaction : — 

Co574.^^i ^ Qo^s 

But the assignment of the 20 minute period to seems to be wrong from 
the experiments of Livingwood, 8oaborg, Fairbrothers (1938) and Bamjsi 
and Cacciapuoti (1939) who obtained Co^® by the reaction and 

D-w, and found Co®® obtained in both the cases have a half-life 70 days and 
not 20 minutes. Therefore Eotbkt’s result if correct suggests that either 
there was some nickel impurities in cobalt or Co®® must have an isomer. 

Again assuming that there is no naturally radio-active isotope it 

should bo obtained artificially. The nuclear chart of Saha, Sirkar and Mukherji 
(loc, cit,) suggests that Co®^ may be obtained by bombarding iron with deutron 
according to the nuclear reaction (Fe-D-») 

2eFe®®+xI)® * 27 Co®How', (1) 

Co57 « 

A reaction of this tyi)e has boon actually observed first by Darling, Cartis, 
Cork (1937) and subsequently by others by l>ombarding iron with douteron. 
They, however, probably assuming Co®^ to be stable interpmted it by the 
reaction 

2(jFe®*+iD® 27^^® 

„Co®« *i?^+26Fe®® (2) 

According to this reaction there is double positron emission in each process. 
From the continuous energy spectra of radio-active cobalt obtained by Lawson 
(1939) nothing can bo concluded definitely. From this it may ho said that 
cither Co®"^ rather than Co®® is obtained by the Fe®7-D-n reaction. Or probably 
both the reaction Fe®®-D-n and Fe®®-D-n', producing Co®® and Co®^ respectively, 
occur on bombarding inm with deuteron. As a matter of fact this may 
explain the existence of more than one half-period in the cobalt portion 
separated from iron bombarded with deuteron as j)ointed out in the works of 
Livingwood, Seaborg, Fairbrothers (1937) and others. These diflFerent periods 
they conclude to be due to some unidentified isotope. One of this is probably 
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Go*'^. This alternative possibility (1) and (2) can be further tested by 
separating the two isotopes of iron Fe®® (90%) and Fe** (6%) by some prooess 
like thermal diffusion and then bombarding the separated isotope with 
deuteron. 

Thi^ work has been done under the constant direction and guidance of 
Prof. M. N. Saha, F.R.S., to whom I express my deep gratitude. I wish also 
to express my thanks to Messrs. Scientific Indian Glass Co., particularly to 
Prof. N. C. Nag, Technical Export of the alx)ve Works, who have very kindly 
constructed the apparatus for us in their factory. 

SUMMAEY. 

An attempt has been made to clear the controversial existence of an 
isotope of cobalt Co®^ (0’2%) in Nature. Saha, Sirkar and Mukheiji’s empirical 
chart of nuclei suggests that C/O®*^ should be positron-aotive and have a long 
life like in natxiral potassium. Therefort^ the positron activity of natural 
cobalt was searched very carefully using a screen- wall Geiger Counter but no 
activity was detected. From this as well as from a study of some observed 
nuclear rea<'tions it is concluded that there is no Co®^ in Nature and probably 
one of the unidentified artificially radio-a<?tive isotopes in the cobalt fraction 
separated from iron bombanied with deuteron is CJo®'^. These nuclear inactions 
also suggest that probably Co®^ has an isomeric pair. 
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DE VEIX)PMENT OF EMBRYO-SAC AND ENDOSPERM-HAUSTORIA IN 
TETRANEMA MEXICANA BENTH, AND VERBAHCllM 
THAPSVSim^. 

By C, V. Keishna Iykngar, M.Sc., Depari/nmnt of Botany^ Univermiy of Mysore. 

(Oomiiiunioated by Dr, P. Maheshwari, D.Sc., F.NJ.) 

{ Hexid January /, 1942.) 

In the course of my investigations on 8<?rophulariacfjao (Krishna Iyengar, 
1937. 1939a, 19396, 1939c, 1940tt, 19406, 1940c, 19416 and 1941c) several 
inteirestmg features were noticed during the pre- and post-fertilization stages 
of the embryo-sae. In the second paper of tliis series (Krishna Iyengar, 
1939a) I deBcribed the formation of the ohalazal nutritive tissue and eiidosperna 
haustoria in laoplexis canarmisis and Celsia corormnd^liaTiaj and explained 
how the integumentary tapatum plays a significant nutritional role in the 
latter member. This has also been reported in the various species of Verbose unit 
DigiUdia and Celaia by previous investigators like Balicka Iwanowska (1899), 
Hakansaon (1926) and Schmid (1906). A paper on Tetranenia was read by me 
(1941a) at the Indian Science Congress, 1941. On account of the endospermal 
similarities existing between Tetranema and Vf rba8cum> both have been included 
in the present paper. 

Material aki> Methods. 

The material for this investigation was collected from the Government 
Horticultural Gardens, Bangalore, and the Ayurvedic Gardens, Mysore, and 
fixed in Bouin’s fluid. The sections were cut 8p thick for embryo-sac and 
lOfi for endosperm development, and were stained in Heidenhain’s iron-alum 
haematoxylin. 

Ovule. 

The ovules are anatropous, indefinite in number and arranged on a massive 
placenta rich in starch. A well-defined hypostase with rich ooll-oontents is 
present at the ohalazad region. Even here there is a conspicuous deposition 
of starch. A single thick integument and reduced nuoellus ore seen in both 
members. 

Tetronerm Mexicam Benth. 

EmbryfhSoc , — The large hypodermal arohesporial cell directly fiinotious as 
the megaspore mother cell (Fig. 1). A linear tetrad of megaspores is produced 
usual (Fig. 2), and the chalazal megaspore develops into the normal eight- 
nucleate embryo-sac (Fig, 3). The micropylar part of the sac is dilated and 
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Teiranema mescimna 

Kig, 1 . Arohet^orial cell. x480. Fig. 2. Linear tetrmi. x640, Fig. 3. Embryo-sac. 
X 320. Fig. 4. A diagram showing the ete^iienoe of divisionB in endosmerm. Fig. 5. Em- 
bryo-sac showing di^rentiaticm of haustoria and endosperm. X 320. Fig. 6. Formation of 
endosperm and haustoria. x 820. Fig. 7. Micropylar haustorkim enlarged. X 730. 
Fig. 8. Olialaxal haustorium enlar^^. Bi-nuoleate condition. x320. Fig. 9. Tri* 
nucleate chalaaal haustorium. x320. Fig. 10. Tetra-nuoleato ohalassal haustorium* 
x32(h Fig. 11. Chalasal haustorium with nine nuclei. x480. Fig. 12. Long* Section 
or an almost mature seed showing the embryo, endosperm haustoria and tapetum. x 92«5. 
Fig. IS. Old micropylar haustoria with the darkly stahied nuclei and ti^ deposition of 
cellulose. x480. Fig. 14. Old ohalasal haustorium. x4B0. Fig. 16. .Tapetal cells 
enlaiged. xlOO. 
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contains the egg-apparatus with the large synergids, while the narrow ohalazal 
part includes the three small antipodal nuclei. The two polar nuclei situated 
in the middle fuse just before fertilization. The cells of the nucellar jacket 
go on degenerating till at last at the mature embryo-sao stage even their last 
traces disappear* Thus the integumentary tapetum lines the sac directly. 
Although originally surrounding the whole of the linear tetrad, the tapetum in 
later stages sheathes only the non-dilated lower part of the sac. Accumulation 
of nutritive material, however, is noticed in the integumentary tissue in the 
neighbourhood of the dilated micropylar end of the sac. 

Embryo arid Eridospenn , — The antipodal nuclei degenerate immediately 
after fertilization. The first division of the primary endosperm nucleus which 
is transverse is succeeded by a wall and separates a chalazal haustorial chamber 
from the micropylar one. Further divisions are restricted to the micropylar 
chamber resulting in four rows of cells of which the terminal become haustorial 
(Fig. 6). Fig. 4 is a diagram to indicate the sequence of divisions in the early 
development of the endosperm. The middle cells by further divisions form 
the body of the endosperm (Fig. 6), which finally becomes differentiated into 
the two terminal regions composed of smaller cells and the centrally placed 
region with larger cells, the former probably serving to transport nutritive 
material from the haustoria to the centre (Fig. 12). Only four of the endosperm 
cells next to the micropylar haustoria assume a noteworthy size (Figs. 6, 7 
and 12). Starch is abundantly deposited in the large endosperm cells. 

Endosperm Hatistoria . — The four colls towards the mioropyle develop 
into aggressive uni-nucleate haustoria. They show significant enlargement, 
their contents ore highly granulated and their nuclei also assume a larger 
size (Fig. 7). Their ends eat their way into the integumentary tissue probably 
with the help of their several short processes. Often the digestion of the 
major part of the adjacent tissue has also been noticed. Older haustoria 
show darkly staining amoeboid nuclei which appear as dark bodies on account 
of high chromatic concentration. A rich deposition of oelJuJose in the form 
of rods has also been noticed in these haustoria (Fig. 13). 

The ohalazal chamber develops dhectly into a non-aggressive liaustorium. 
Its nucleus often divides resulting in a binucleate body (Fig. 8). At times four 
nuclei ore also seen (Fig. 10). In two cases three nuclei were noticed and one 
case showed as many as nine nuclei of various sizes (Fig. 11). Thus all grades 
from the uni-nucleate (Fig. 6) to a multi-nucleate condition are met with in 
this plant. The size of the haustorial nuclei depends on their number, the 
uiu-nuoleate haustorium having the largest nucleus. The occasional multi- 
nuoleate oondition seen in this region reminds one of the basal apparatus of 
some members of the familiea with Helobiaies-tYpe of endosperm. 

Iniegtmientary Tapetnm . — The integumentary tapetum plays a significant 
nutritional role. During pre-fertilization stages of the embryo- sac it acts as a 
repository for food material and with the commencement of endosperm 
formation it shows an enlargement of its cells (Figs. 12 and 15). AU the cells 
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except those towards the two ends assume considerable size at the time of 
senility of the haustoria. Their size, rich contents and thin-walled nature 
and their proximity to the digested and absorbed cells of the integument 
indicate their probable haustorial action to assist in the nutrition of the 
developing endosperm and embryo. 

Verbascum thapmis Linn. 

EfK^bryo^SdC . — Just os in the previous species a large hjrpodermal cell of 
the nucellus directly functions as the mogaspore mother cell and gives rise to a 
linear tetrad of megaspores (Fig. 17). Of these the chalazal develops into the 
normal eight-nucleate embryo-sac (Fig. 18), wliile the other three degenerate. 
The degeneration of these etarts from the interior so that the mioropylar 
megaspore degenerates last. The structure of the embryo-sac is similar to tiiat 
of Tetrwnema. The dilated mioropylar end contains the large synergids and 
the egg, while the slightly narrow chalazal part has three antipodal cells instead 
of nuclei (Fig. 18). There is a constriction just below the dilated mioropylar 
end, and in its neighbourhood lie the two polar nuclei, which fuse to form the 
secondary nucleus when the embryo-sac is mature. The embryo-sac and, as 
already stated before, the tissue surrounding it is filled with starch grains. 
The nuoeliar jacket gets absorbed and almost disappears, only few cells 
persisting at the base and forming a patch with darkly stained contents. 

Endosperm and Embryo * — Although pollen tubes were frequently noticed, 
stages in fertilization were not available. The post-fertilization stages can be 
described as follows: — 

The primary endosperm nucleus divides transversely resulting in the 
formation of the chalazal and mioropylar chambers as in Fig. 19. The next 
two divisions which are longitudinal occur in both chambers (Figs. 20 and 21). 
Thus there are four cells towards the ohalaza, which directly become the 
haustoria, and four cells towards the micropyle from which a subsequent 
transverse division outs off the four mioropylar haustorial initials (Fig. 22). 
The four cells forming the middle tier divide further, giving rise to the endosperm 
tissue (Fig. 23), with two clearly defined regions. The region towards the two 
ends is composed of cells with rich protoplasmic contents and perhaps with a 
food conducting role, while that towards the middle is composed of larger cells 
with a rich deposition of starch and forming the body of the endosperm as in 
Fig. 23. • 

Even in the tissue towards the two ends there is considerable difference. 
The conducting endosperm tissue towards the ohalaza is composed of smaller 
as well as larger cells ; the latter lie in direct contact with the chalazal haustoried 
cells, have richer coiitents and are almost as large as the haustoria (Big. 26). 
This is a peculiar feature not met with in any other Sorophulariooeae tOl now, 
although many instances are known where a few cells towards the mioropylar 
end are as large as the haustoria, as for instance in Te^omrm* 



tha/psw Lixm. 

Fig, 16. t>yad oells dividing. X 620. Fig. 17. Formation of the linear tetrad. X 480. 

Saotion jihowing embryo^aao, tapetum and hypoBtaee. x4S0. Fig. 10. Firet 
division of ^ prixxuMry endoaperm mndeue. x 480. Fig. 20. Second division of the same. 
X480, Fig, 21. Iliiid diviaion of the same, x320. B'ig. 22. Fourth diviaion of the 
*«**» md the oigenlae^qia of hauatona and endosperm, x 820, Fig. 28. liong. Section 
^*0 almost matfure seed sihoving the various parts. X02*5, Fig. 24. Old mioropyhw 
nauaioria. x460* F%, 28, Old ohalaaal haustoria with the conducting cells of the 
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Endosperm Haustoria, — ^I'he ohalazal haustoria are formed earlier* They 
are composed of four uni-nucleate tubular and non-aggressive cells which do 
not enlarge. Starch grains are noticed in these cells from the oommenoement 
till a late stage in their activity, the disappearance of these coinciding with the 
senility of the haustoria. The haustoria neither show a high degree of 
development nor appreciable haustorial activity (Figs. 21 and 25). The 
compact nutritive tissue at the base of these cells may come in the way of 
their free development or it might be that the presence of a well-defined 
nutritive tissue makes the extra development of the haustoria unnecessary. 
A similar feature is met with in Celsia (Krishna Iyengar, 1939a) and other 
members. The degeneration of these haustoria sets in very early, long before 
the endosperm and embryo are well developed. 

The four micropylar haustoria are also non-aggressive and uni-nucleate. 
Their outer ends enlarge and become bulbous, but compared with the size of 
the endosperm the haustoria are rather small, leading one to suspect their 
efficiency as adequate nutritive organs. They persist till a late stage in the 
embryo and endosperm formation, and show large nuclei with rich chromatin 
material and highly vacuolated dense protoplasm. 

Integumentary Tapetum , — ^The tapetum is organized from the innermost 
layer of the integument and its cells act as a reservoir of food material, while 
the embryo-sac is developing. The two ends of the tapetal sheath are here 
invariably composed of smaller cells, while the most pronounced development 
of the cells is confined to the middle part (Fig. 23). Here the larger and 
smaller cells alternate as in Verhasmm montanum (Schnud, 1906). The 
enlargement of alternate cells may be explained as due to the limited nature 
of the availaTjle space. The structure of the tapetal cells during post- 
fertilization stages indicates their importance as digesting and absorbing 
organs. Since the tapetal cells towards the micropyle are somewhat thiok- 
walled, the transportation of material takes place mainly through the ohalaza. 
While the closely adpressed nature of the endosperm tissue and the tapetum, 
and the thin separating wall may as well indicate the possibility of a direct 
transportation of food materials, the presence of large conducting endosperm 
cells next to the chalazal haustoria points towards a movement of the nutritional 
stream through this part of the sac* 

DxsoxTSsiojr. 

Just as in the other members of the family, the arohesporial cell directly 
becomes the megaspore mother cell and gives rise to a linear tetrad 
of megaspores. The embryo-sac develops quite normally from the ohalazal 
megaspoi‘e. The presence of the hypostase at the ohalaza is a noteworthy 
feature. This is also met with in Isopiexis and Celsia (Krishna Iyengar, 
1939a) and its organization is associated with the limited development and 
activity of the chalazal haustoria in these two members* 
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There is much in common between Tetramma and Verhaacum as regards 
the number of the micropylar haustoria, their formation and sequence of 
development. The ohalazal haustoria are the earlier to appear as also the 
first to degenerate, while the micropylar persist tiU a late stage in endosperm 
formation. 

The chalazal haustorium of Telranenia is likely to shed some light on the 
evolutionary tendencies of the organ. The frequent ooourrenoo of a uni- or 
bi-nuoleate haustorium indicates its affinity to Vanddlia (Krishna Iyengar, 
1940a), while the occurrence of a tetra-nuoleate body indicates its transitional 
position between Verbctacum with four uni-nucleate haustoria and the other 
members with a single bi- or uni- nucleate haustorium. 

The tetra-nuoleate stage of Tetranema is the result of free nuclear divisions 
of the nucleus in the chalazal chamber, while the accompanying wall-formation 
results in the Ferteewm-type. At times there is no division of the nucleus, 
while at other times there are one or more divisions, thus resulting in all stages 
from the uni-nuoleate to the multi-nucleate condition. The general condition 
being the uni- or bi-nuoloate one, it appears that there is a tendency towards 
reduction in the number of divisions without wall-formation at any stage 
(see the chart below). The former feature is very clearly seen in the bi-nucleato 




Chart to UluBtrate tho affinities botwoen Te.tr anema and other allied membei's. 



condition where one of the two nuclei resulting from the first division does not 
divide, its larger size bearing testimony to this assumption. Thus the largest 
nucleus is seen in the uni-nucleate haustorium, while an increase in number is 
accompanied by a proportionate diminution in size. A similar feature is met 
with in Va/nddlia^ but this has either two haustorial cells which coalesce to 
5 
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form a bi-nucleate body or a uni- or bi-nucleate body is formed ftom the 
oonim on cement. Here also the trend seems to be in favour of omission of 
wall -formation, or its dissolution when this is formed. Thus the absence of 
wall- format) on in the antipodals and haustorium forms a noteworthy feature 
of Tetranema. A similar feature, i.e. absence of wall-formation in the anti- 
podals is partially noticed in Ahctorohphus (Schmid, 1906), where there ore 
only two antipodals, one being bi-nucleate. 

The presence of several free endosperm nuclei in the chalazal haustorium 
reminds one of the ‘basal apparatus' mt?t with in members with HehhidUii- 
type of endosperm. Both are structures formed during post-fertilization 
stages and have a significant role in the nutritional physiology of the endosperm 
and embryo. 

hUegimmitary Tapeium , — An integumentary tapctum is a tK)minon feature 
of sympetalous families, and its nutritional value during post-fertilization 
stages is woU known. Dimng the development of the embryo-sac, this sheathes 
only the lower part of the sac, the micropylar being generally free. It is 
suggested that the compact cuticularised sheath lining the ohalazal part of the 
soci prevents its free enlargement and consequently affects the size and arrange- 
ment of the antipodal cells. The dilated nature of the micropylar part of the 
sac is attributed to the absence of the sheath towards this part and the con- 
sequent freedom for this end to expand. As opposed to this view the^re is the 
fact that the tapetum develops by intercalary growth during post-fertilization 
stages providing adequate space for the enlargement of the endosperm. This 
introduces the possibility of spaoial consideration and not cutioular resistance 
as responsible for this shape of the embryo-sac. 

Although the tapetum is generally the repository for food material and 
can absorb nutrition from the integumentary tissue, the direct transfer of food 
materials from this layer to the embryo-sac seems to be difficult in view of the 
presence of a cuticle of varying tliiokness. Thus the food ouixent can mostly 
pass only through the ohalaza and partly through the dilated micropylar part 
of the sac. 

There are various grades in the development of the integumentary tapetum 
in the family as a whole. In several members the tapetum loses its contents 
as the endosperm and embryo are being formed, and may be completely 
obliterated. In some members although reduced in size this will show itself 
by the formation of a thick cuticle. Ahnsoa (Krishna Iyengar, 1937) and 
hoplexis (Krishna Iyengar, 1939a) and others are instances of this kind. In 
other cases the tapetol cells attain significant development and play a pro- 
minent role in the nutrition of the endosperm and embryo. The accom- 
panying diagrams indicate the different types of tapetum met with during 
my investigations on several members of Scrophularineae. The jBrst condition 
happens to be the one most commonly met with. In this case the chaiazal 
and micropylar ends of the tapetal sheath are generally composed of smaller 

while the larger cells are oonfin<?d to the middle of the sheath. Tarmia 

SB 
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(Krishna Iyengar, 1941) shows alternating rows of larger and of smaller cells . 
In Tetranema all the cells in the middle an? large, while in Verbmcum the 
larger and smaller cells regularly alternate, the smaller cells being single as 
in F. thapaua and F. montanum or in pairs as in the latter (Schmid, 1906). 
In Cdsia (Krishna Iyengar, 1939a) this regularity is wanting. The inter- 
calation of smaller cells may or may not be found and when these are present 
they may be either solitary or in pairs. The last figure in the series is that of 
Centranthera (Krishna Iyengar, 1939c) with the highest degree of specialization. 
The largest cells of the row are towards the chalazal end in the neighbourhood 
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Piagrammatio repi‘e«entation of the Integumentary Tapetum in some members 

of Scrophularineae. 


(a) Mioropylar end. 


(6) Ohalazal end. 


of the chalazal haustorhim, wliich is here the least efficient as a haustorium. 
Next to these are smaller cells which develop a thick cuticle and protect the 
developing endosperm. Towards the micropyle are some large cells which are 
rich in oell-eontents and which are often pierced by the secondary endosperm 
hauBtoria, thus appearing to have a role in the stimulation of haustorial forma- 
tion. Thus the tapetum undergoes several structural changes, especially 
during the post-fertilization stages to fulfil its functions of digestion, absorption, 
storage and protection. 
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SUMMABY. 

1. In Tetrane7m mexicana Bonth. and Verbascum thaps'os Linn, the 
hypodermal archeBporial cell directly forms the megaspore mother cell and 
gives rise to a linear tetrad of megaspores. The ohalazal megaspore develops 
into the normal eight-nucleate embryo-sac. 

2. A well-developed nutritive tissue composed of compactly arranged 
radiatmg cells is present at the chalaza. 

3. The chalazal part of the embryo-sac is narrow and is sheathed by the 
integumentary tapctum composed of cells with rich contents, 

4. The first division of the primary endosperm nucleus is transverse and 
this results in the formation of the chalazal and micropylar chambers. The 
next two divisions are longitudinal and may be confined only to the micropylar 
chamber as in Tetranenm or occur in both the chambers as in Verbascum. 
The fourth division is confined to the micropylar chamber only, resulting in 
the separation of a micropylar tier which forms the four uni-nucleate haustoria. 

6. The micropylar haustoria become bulbous and aggressive and show 
short processes in Tetranerna, while in Verbascum these are non-aggressive and 
differentiated into the long and tubular inner part and the bulbous outer part. 
Cellulose rods are met with in the older haustoria of Tetranerna, 

7. The chalazal chamber in Tetramma develops directly into a haustorium 
with one to four nuclei. In Verbascum there are four non-aggressive, tubidar 
and uni-nucloate chalazal haustoria. In both cases the chalazal haustoria 
degenerate very early. 

8. The endosperm tissue shows smaller cells towards the two ends, but 
some of the cells towards the chalaza are appreciably largo in Verbascum. 

9. The tapetal cells enlarge while the endosj)erm is developing and take 
an important part in the nutritional mechanism of endosperm and embryo. 

10. The alternation of larger and smaller cells in tht^ tapetum forms a 
distinctive feature of Verbascum. 

The author exprt3Ssos his indebtedness to Dr. M. A. Sampathkumaran, 
Mjk., Ph.D,, S.M., Professor of Botany, Central College, Bangalore, for 
facilities and encouragement, and to Dr. P. Maheshwari, D.Sc., F.N.I., F.A.Sc., 
of Dacca University for his kind perusal of the manuscript and invaluable 
suggestions. Sincere thanks are due to the authorities of the Government 
Horticultural Gardens, Bangalore City, and the Ayurvedic Gardens, Mysore, 
for enabling the author to collect the material for investigation. 
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STUDIES IN FLORAL ANATOMY. 


II. Plobal Anatomy of the Moeinoaoeae with spboui. 

RbFEBEKOE to GyNABOETTM CONSTITirTIOK. 1 

By V. PuEi, D./Sc., Meerut College^ Meerut. 

(Communicated by Dr. P. Maheshwari.) 

(Read January i, 1942.) 

Ihtboduotion. 

The Moringaoeae h a small family confined to the tropics and occurring 
mainly in North Africa, India and the East Indies. The only genus, Jlfonn^a, 
contains about ten species. The systematic position of the family has long 
been a debated question. Jussieu (1789)^ placed Moringa in the family 
Leguminosae. It was Lindley (1836)2 who first recognised the family Morin- 
gaoeae and included it in the Violales, while putting the Cruciferae, the Cappari- 
daoeae and the Resedaoeae in the Cruciales and the Papaveraoeae with the sub- 
family Pumarieae in the Ranales. Bentham and Hooker (1862) regarded the 
family as anomalous and provisionally placed it next to the Coriarieae after the 
Sapindales. Wettstein (1924/1935) puts it at the end of the Rhoeadales along 
with the Papaveraoeae, Tovariaceae, Capparidaoeae, Crtioiferae and Reseda- 
ceae. Hutchinson’s (1926) Rhoeodales includes only the Papaveraoeae and 
Fumariaoeoe, while the Capparidaoeae, Moringaoeae and Tovariaceae are 
grouped imder the Capparidales and the Cruciferae under the Cruciales. The 
most recent arrangement is that of Harms (Engler and Prantl, 1936) who 
divides the Rhoeadales into five sub-orders: — 

1. Rhoeadineae (Papaveraoeae). 

2. Capparidineae (Capparidaoeae, Tovariaceae and Cruciferae). 

3. Reeedineae (Resedaoeae). 

4. Moringineoe (Moringaoeae). 

6. Bretsohneiderineae (Bretsohneideraceae). 

The lack of agreement among these authors, all of whom have relied 
mainly upon the usual taxonomioai data (i.e., flower structure) emphasises 
the need of evaluating evidence from other sources like anatomy (floral as well 
sws vegetative *) and embryology for the solution of the problem. Having 

^ Part oi ihe thesis approved for a D.8c. degree of the Agra University. 

* Quoted from Eiigler-Prand 

* Some three years ago Professor S. J. Record of the Yale University wrote to me 
that he was studying the wood structure in this and the allied families. 
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done with the embryology (Puri, 1941a), I propose to describe in detail the 
floral anatomy of Moringa okifera^ which is very commonly seen in N. India 
as a planted tree. 

External Morphology of the Flower, 

The inflorescence is an axillary panicle whose ultimate ramiflcationw end 
in cymes consisting of three flowers of which the central is the oldest (Fig. 2, A). 
The flower is slightly zygomorphio owing partly to the variation in size of 
members of the same whorl and partly to the difference in the level of origin 
of the floral leaves on the anterior and posterior sides. The thalamus forms 
a cup-shapod stnicturo with the ovary inserted somewhere in the bottom and 
the other whorls on its edge. Posteriorly highest, the wall of the cup goes on 
decreasing towards the anterior side (Fig. 2, K). 

There are five, spathulate, reflexed and unequal sepals which remain free 
from one another and almost equal the petals at maturity. The cells of 
epidermal layers are radially elongated and often produced into uni- cellular 
hairs, especially abundant on the inner surface (Fig. 1, A). Stomata are 
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Fio. 1. (xlOO.) 

A & H. — SeotioiMi of sepal and petal respectively through the middle region. 

present only on the outer side. The mesophyU tissue is more or less spongy 
and the hypodermal layers are very rich in a dark brown substance [myrosin, 
according to Solereder (1908)], which becomes precipitated in alcohol. Usually 
there are two such layers below the outer epidermis and one below the inner. , 
Sometimes some of the myrosin cells Bxe scattered more or less irnagularly 
in the mesophyll tissue. 

The petals have no definite mid-rib but a cross section shows that the 
middle region is the thickest in size and the richest in food material. The two 
posterior petals are the smallest and become more reflexed than the others. 
They have a dense coating of hair on their inner surface, while on the other 
petals this is very scanty or even absent. Myrosin, whenever present, is 
confined to the inner hypodermis (Fig. 1, B). 
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Fio. 2, (x2«.) 

4.-*-VertioBl a«otion through a young oymulo; oaob of the lateral buds ih situated 
ui the aril of a large bract. B-G , — Vortical sections through buds of varying ages 
Rowing the aoropetal origin and diftorentiation of floral leaves. H-iT.— Drawings from 
free-hand sections of buds to show the formation of the florri cup as also the course of 
tto vascular tissue entering the gynophore (xl2). j::r-je._T.e. of a young bud from 
0^ tipw^. For explanation see text. S.— T.e. of a younger bud showing ser a is 
«™«g in regular order. 
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The five stamens have swollen papillose bases. The posterior ones are 
the longest (about 1 om.) while the others gradually decrease in length towards 
the anterior side. The anthers are one-oelled and bent downward forming a 
sort of hood through which the style protrudes out at maturity. Alternating 
with the stamens and forming an outer whorl are 3-5 starainodes which also 
have swollen papillose bases. The missing staminodes were tdways those of 
the posterior aide. 

The gynaeoeum is tri-cari>ellary, syncarpous and is borne on a small 
gynophore usually arising from the posterior waU of the floral cup. The place 
of origin of the gynophore is, however, not fixed. In some flowers it arises very 
close to the bottom of the floral cup while in others it separates at a com* 
paratively higher level. The ovary is continued into a long hoUow style which 
is narrowest in the basal region. 

The gynophore, the ovary and the style are aU covered with fine hairs 
which are seen even in the interior of the ovary. These are similar to the hairs 
borne on other parts of the flower. The myrosin usually occurs in one or two 
hypodermal layers. Running along the whole length of the ovary there are 
three grooves, which according to the current view correspond in position to 
the mid-ribs of the three carpels (Fig. 4, K-L). The ovules are borne in two 
longitudinal rows on the placentae. 

Obganoghny. 

The younger flower bud is a small protuberance consisting of homogeneous 
cells and arising in the axil of a bract, large enough to cover it completely on 
the anterior side (Pig. 2, A). The floral organs arise in the usual, aoropetal 
succession. The first sepal arises on the left side (Fig. 2, Q). Subsequently 
others also appear and by the time the primordia of the other organs can be 
made out the sepals have increased enough to overlap one another on the top 
(Fig. 2, B). Thus the period which elapses between the appearance of the first 
sepal and the primordia of the next whorl seems to be quite long. 

The petals which are the next to arise are closely followed by stami- 
nodes and stamens (Fig. 2, 0-E). It is curious that for a time the stami- 
nodes and the stamens grow quicker than the petals so that they protrude out 
of them. But later on the petals elongate more rapidly and finally cover the 
stamens on the to]). Soon after, the central apical part of the axis becomes 
inactive and around it appears an annular outgrowth which forms the gynae- 
oeum (Fig. 2, F-G). 

A young bud shows the typical hypogynous condition with the ovary in 
the centre and the other parts around it at a somewhat lower level (Fig. 2, H). 
Tlie sepals are arranged spirally with a divergence of 144®, while petals and 
stamens show the cyclic arrangement. 

When all the parts have differentiated, the peripheral region of the recap- 
tscle bearing sepals, petals and stamens undergoes rapid elongation and forms 
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a cup round the ovary. This elongation is, however, not uniform all round. 
On the posterior side it is more and this is probably responsible for carrying 
the ovary to a higher level along this side (Fig. 2, I-K). The effect of this 
unequal growth is noticeable even in so young a stage as shown in fig. 2, L-R, 
where the fourth sepal, occurring on the posterior side, separates after the fifth. 
While in younger buds, where the peripheral region of the receptacle has not 
undergone this growth, the five sepals arise in regular order (Fig. 2, S). 

Vascular supply of the Floral Organs. 

The pedicel of the flower contains an unbroken siphon ostele (Fig. 3, A), 
which later on expands and begins to give out traces, first on the anterior 
side and then on the posterior. Bundles are given out on both the si^pal and 
petal radii almost simultaneously (Fig. 3, B“E). 

Sepal . — Every one of the sepals primarily receives three traces. The 
mid-rib bundle leaves a distinct gap in the stele, while the two marginal veins 
arc derived from adjoining petal trunk cords (Pt.). Every one of the petal 
trunk cords splits up into three bundles, the central, destined to supply the 
petal and a marginal for a sepal on either side (Fig. 3, Q-H). All these three 
bundles may be formed simultaneously or the trunk cord may first divide into 
an inner and an outer bundle and then the latter may again divide into two 
marginal veins. All the three sepal traces are approximately of an equal size 
and every one of them divides several times (Pig. 3, K-M). Towards the tip 
these bundles diminish in size and ultimately disappear. 

Such a common origin for sepal marginals and petal mid-ribs is reported 
to be a very common feature in the Cruciferae (Arber, 1931) and in many other 
families (Saunders, 1934, and others). 

Petal , — The petal trace whoso origin has already been traced above, 
frequently tends to become concentric. Like the sepal traces it undergoes 
several divisions to form a continuous band of vascular tissue running through 
the whole breadth of the petal as seen in transverse section (Fig. 3, L-M). 
Higher up this band separates into smaller bundles which finally fade away. 

Stamm , — Every one of the 3-“6 antherlese staminodes receives one traxse 
given out on the sepal radius. The missing staminodes are often represented 
by stubs of vascular tissue which can be observed to come out for a 
short distance and then disappear. The stamens also receive one trace each. 
The staminal trace is usually more massive than that of a stominode and higher 
up it gives rise to several distinct groups of vascular elements, three being the 
commonest number. 

Saunders* observations (1937) that in the Moringaoeae the staminal 
bundles pass out conjoint with the perianth mid-rihs could not be confirmed 
by the writer. 

Qynaeeeum , — Though oooiuring usually on the posterior side of the cup, 
the gyiuBoeum receives its vascular supply from all sides. On the anterior 
Slue traces for sepals and petals are the first to be given out. They are followed 
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by those for the staminodes and the stamens. The remaining vascular tissue 
from this side runs more or less obliquely or in some cases horizontally across 
tlie centre to reach the posterior side to enter the gynophore. In some extreme 
cases it separates off from the staminal traces at a level higher than that of tht^ 
origin of the floral cup. Naturally then it has to take a ‘dip’ to come out on 
the posterior side. It is for this reason that the stolar tissue on this side is 
cut twice in fig. 3, D. 

The behaviour of the vascular tissue supplied to the gynophore from the 
posterior side is som<>wiiat different. Although traces for sepals and petals 
are usually the first to be given out yet in some cases those for the gynfieceuni 
separate off first. This is evidently connected with the position of the ovary. 
If it is situated at a higher level the sepal and petal traces will pass out first 
but if it is lower down it will receive the fii'st traces. Further it has been 
observed that the vascular tissue frorrv this side does not directly enter the 
gynophore but goes up a little beyond the level of the latter and then bends 
downwards to pass into it (Figs, 2, K and 3, H-I). 

A young bud presents, however, a comparatively simple appearance. 
Traces for sepals and petals arise almost simultaneously on all sides (Fig. 2, S). 
Traces for staminodes and stamens arise as usual. The remaining vascular 
tissue from all sides now passes in almost horizontally and forms a narrower 
ring for the gynophore in the centre (Fig. 2, H). The ‘bending’ in the course 
of the vascular tissue entering the gynophore seems, therefore, to be inducexi 
by further growili in the peripheral region of the receptacle (Fig. 2, I-K). 

At the base of the gynophore there is a complete ring of vascular tissue 
(Fig. 4, B), A little higher up it becomes triangular in cross-section (Fig. 4, C) 
and then from each of the tliree angles two bundles begin to pass in (Fig. 4, 
D-E), The vascular ti’iangle is thereby broken into three more or less straight 
bauds of vascular tissue. The two bmidles of each pair then swing apart in 
such a way that the adjacent two of adjacent pairs come to lie on the inner 
side of the corresponding band. Thus the bundles a, b, d approach /, c, e 
respectively and fuse in pairs to forni inversely oriented bundles wliich give 
r>ut traces to the ovules and remain quite distinct from the outer bundles 
(Fig. 4, E-H). Ah the bundles a, b, c, etc., proceed inward, thtjy nmy be fol- 
lowed by some very small bundles wliich aie of very short duration. 

The vascular triangle is again completed. The gynophore now passes 
into the ovary and the connecting ‘bridges’ of the procambial tissue become 
invaginated, as it were, by the three grooves appearing on the outer side of 
tlie ovary (Fig. 4, 1). Just opposite to each groove and somewhat on the inner 
eide of each ‘bridge’ a very small bundle makes its appearance. It is very 
trivial in the region of the ovary, very often consisting of a single xylem element 
and a little phloem (Fig. 4, 1-M, bundles X, Y & Z). But in the stylar region 
it enlarges and finally becomes as prominent as other bundles. 

Higher up in the ovary the vascular triangle again breaks up into separate 
bands which follow the oontom of the ovary wall (Fig. 4, K-L). The bundles 
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Si, 82 and Sg now decrease in swse, while the three bundles supplying ovular 
tracses become practically used up as the end of the ovary region is reached. 
If any traces of them are stiU left they approach the bundles on their outer 



Fxa, 4, {X26.) 

i4.-^Diagranunatic reprosentation of the ground«plan of Mori/nga ovary, with both 
ends out so as to faoe the observer. Every one of the placental bundles (smaller ones) 
is formed by the fusion of two marginal veins at the base. — ^T.s. of ovary from base 

upward. For explanation see text. 

sides and ultimately fuse with them. This is clear not only from the concentric 
nature of the resulting bundles but also from the fact that some ovular traces 
may s^ be given out by these bundles (Fig, 4, M). 
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The base of the style contains six prominent bundles (Fig, 4, N). Of 
these, Si» S 2 and S 3 split up into two each (sometimes into three) by radial 
constrictions (Fig. 4, 0-P). The daughter bundles thus formed continue up 
to 300-250 microns beneath the extreme tip. The remaining three bundles, 
X, Y and Z, continue undivided and disappear somewhat earlier than the 
other bundles. 

Omde * — The ovule is anatropous and bi-integuraentary. To begin with 
it has a more or less circular outline in cross-section (Fig. 5, 13), but after 
fertilization growth becomes more active at three equidistant places in the 
outer integument. This results in a triquetrous ovule which later on becomes 
three- winged. 

A small prooambial strand appears on the funicular side of the ovule at a 
stage long before fertilization. This runs along the inner region of the outer 
integument and may extend up to the chalazal end even at the two-nuoleate 
stage of the embryo sac (Fig. 5, A). A transverse section of a young ovule, 



A. — ShowB attachment of ovules to ovary wall: ovular traces have reached the 
chalazal end ( X 26). B. — T.b, of a young ovule having only one bundle on the funicular 
side ( X 60), <7, — -Diagrrammatic reprosentation of vascular plan of ovule. A sii^gle 

bundle (X) enfcermg the ovule divides into two (T Jk Z) at the chalazal end. — iSorial 

microtome sections of an ovule out approximately at levels raarketl in O. ( x 1 8.) 

therefore, ghows only a single vascular strand on one side (Fig. 5, B), At the 
mature embryo sac stage it splits up, in the chalazal region, into two daughter 
himdles, y and Z (Fig. 5 , C and I). These two branches elongate with age 
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and finally reach the micropylar end (Fig. 6, C). A transverse section at a 
later stage sliows, therefore, three vascular bundles in the middle of the ovule 
(Fig, 5, F-H). Newman (1034) has also described a similar behaviour of the 
funicular bundle in Acacia, 

For the sake of comparison I also out some sections of Moringa apiera 
Gaertn. and M, concanensis Nimmo., only herbarium material of which was 
obtainable. The vascular ground-plan of both the species is almost identical 
with that of M, oleifera. Fig. 6, A-D shows the origin of various traces in 



Fig. e. (x26.) 


A-l).~ throvigh base of a bud of Moringa cuptera, Sepal mid-riba and i>etal 
trunk oordH paaa out almost aimultanoously on the anterior flido. Petal trunk cords give 
oU sepal marginala in the usual way. A?. — ^Vascular triangle in the base of ovary. Mid-rib 
bundles diffei'entiate at three angles. F . — Shows the inverted placental strands on the 
iimer side of the mid -rib bundles. G . — A ring of vascular tissue in the style. — 

T.». ti) rough the base of a bud of M, comafwns^. 8opaI mid-ribs and petal trunk cords 
arise as iisuol. K, — T.h, of ovary of the same. No placental bundles could be seen hero 
but the attachment of an ovule on the inner side of mid-rtb bundle indicates that they 
both lie on the some radius. . 

M, aptera. There is, however, a little difference in the arrangement of the 
vascular tissue in the basal part of the ovary. Just as in if. oleifera, the 
vascular tissue in the gynophoro is arranged in the form of a triangle in trans- 
verse section (Fig. 6, E); but here the bundles correeponding to Sj, §£ and Ss 
(see Fig. 4, L) differentiate at the three angles and not in the middle of the 
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sides. The course of the bundles corresponding to a, ft; c, d ; and e, / towards 
their ultimate positions could not be traced. The only thing noticeable is 
the occurrence of three inversely oriented bundles on the inner side of Sj, Sg 
and S 3 (Fig. 5, F). However, it seems quite evident that they arise in much the 
same manner as in M. oleifera. In the style the number of bundles varies 
from 9-12 (Fig. 6 , O). 

The material of M. concanensis proved to be even less satisfactory than 
that of M. aptera. For this reason the vascular supply of different parts 
could not be studied in detail; but enough has been observed to conclude that 
in broad outlines it corresponds to that of M» oleifera (Fig, (>, H-K). 


Discussion. 

(i) Nature of the * Floral-cup* and position of the gyncec^Mm, 

Although a misnomer, the term 'calyx-tubc' is still retained by some 
tajconomists for tiie cup-shaped receptacle met with in the Kosaceoe, Legumi- 
nosae, Moringaceae and many other families. 

As a result of her studies on the floral anatomy of the Rosacicae, Jackson 
(1934) has concluded that in most of the genera having a superior ovary the 
floral-cup is appendicular and is formed by the fused basal portions of the 
sepals, petals and stamens. In Rosa itself only the upper part of the cup is 
appendicular while the lower is axial. She presumes that in course of phylo- 
geny an invagination of the terminal portion of the floral axis has taken place 
here with the result that the carpels have come to be situated at a lower level 
than the other organs of the flower. 

The condition in Moringa oleifera is very much similar to that in Rosa, 
On the posterior side, where the wall of the cup is higher than on the other 
side, the lower portion of the cup is traversed by stolar bundles which give out 
traces to the various floral organs at a somewhat higher level. Naturally, 
therefore, this portion of the cup on the posterior side has to be regarded as 
reoeptaoular. On the anterior side, though the vascular traces for different 
whorls are usually cut off even before the level of the cup is reached, it cannot 
be argued that immediately after their detachment from the stele they begin 
to run in the tissue of the organs they have to supply. For some distance at 
least they must pass through the tissue of the receptacle. Finally the reoep- 
taoular tissue passes insensibly into sepals, petals and stamens whose bases 
fuse together to form the rim of the cup. 

In determining the position of ^ln organ considerable significance has been 
attached to the * down-turning’ in the course of the vascular tissue entering 
it. Thus Bechtel (1921) reported that the ovular trace in Boehmeria (Urtica- 
oeae) does not pass out directly into the ovule but ascends the ovary wall for 
a short distance and then turns abruptly down and descends to the base of the 
ovule. This unusual behaviour of the vascular trace was interpreted by him 



82 


V. puiu: STUPims in flokal anatomy. 


to indicate that the ovule, winch is basal now, has descended from an originally 
lateral position in the course of evolution. The ovule itself does not give any 
clue into its past history but the vascular bundle has slightly lagged beliind, 
as it were, in the race of evolution and is believed to give evidence of the former 
high position once occupied by its reoepient, the ovule, by first going up and 
then bending down ! 

Jackson (1934) has also observed such a down -turning in the course of the 
vascular trac<\s (Altering the carpels in certain Rosacea(s and she also interprets 
this as the natural outcome of the descending down of the ovaries fi'om higher 
positions. 

This also appears to be the most logical and plausible interpretation of the 
down-tu ruing in Moringa and the present-day position of the gynseceum in 
this species is, therefore, a derived one. 

(ii) Nature of the Carpels, 

(a) The Current View . — The gynseceum in the Moringaoeae is usually 
believed to be composed of three valve carpels fusing by their margins. The 
mid -ribs of the carpels ore believed to correspond in position to the three 
longitudinal grooves running in the wall of the ovary and the swollen placental 
n^gions are interpreted as the fused margins of the adjacent carpels. The 
l)undles X, Y and Z (Fig. 4, L) are the dorsals while the two bundles with 
opposite orientation in the pla(;ental region have to be regarded as branches 
of the same placental strand. This view is represented diagrammatioally in 
fig. 7, A. 



A a c 


Fio. 7, A--C. 

Diagrammatic rej^reiseiitaticn of the various interj)rotatione of the Moringa gyxuBooum. 
J^otted hues in B and C respwtively delimit the carpels according to Current vieWt 
Baunderii' view and the Anthor^e vmv. 

Such an interpretation is, however, not supported either by the external 
morphology of the gynaeoeum or by its vascular supply. There are, of course, 
only three carpels but their nature and limits have to be differently interpreted. 

The point upon which the acceptance or the non-acceptance of this current 
view mainly depends is the determination of the nature of the Wo bundles 
6b 
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in the placent^il region. As mentioned above, these have so far been regarded 
as branches of the same placental strand ^ There is, however, no reason to 
support such a presumption ; for, none of them is a branch of the other, each 
arising quite independently from the stelar tissue (see Fig. 4, E-1). If tliis 
is so, the next question that arises is: ' which of them is the placental bundle ^ 

It is well kiiowii that the latter is usually formed l)y the fusion of two marginal 
bundles and that this alone supplies traces to the ovules. Further, it oftoi 
disappears beyond the region of the ovules. Out of the two bundles in the 
placental region it is only the inner one which fulfils all these conditions and, 
therefore, it is this that should be regarded as the plafuaital strand. In other 
words tins means that the bundles a, 6; c^d\ and c, / (Fig. 4, E) should be inter- 
preUid as marginal bundles. 

This, the most logical and reasonable interpretation of tlie nature of these 
bundles, leads us, nevertheless, to certain difficulties which are obviously 
unsurmountable on the basis of the current view. 

In all easels of the usual type of parietal placentation t he marginal bundles 
of the adjacent carpels fuse into normally ori(mted placental strands which 
occur alternately witli the mid-ribs but in tlie same ring. In Morin^a, on the 
other hand, the bundles supplying the ovules are always inversely oriented 
and always lie on tfie inner side of other bundles whitjh will prestuitly be showui 
to be mid-rib bundles. Such a behaviour on tlieir part cannot be satisfactorily 
explained by the supporters of the current view. 

Again, according to this view the bundles a, b and similarly c, d and e, / 
(Fig. 4, E) have to be regarded as margiiial buudlcs of the same carpel; for 
then alone the placental strands would bo formed by marginals coming from 
two ditferont carpels, as the current view demands. It is difficult to iinugine 
how in such open carpels as are believed to bo present in Moringa, the marginal 
bundles of the same carpel could arise from the same gap when ordinarily they 
leave quite dilferent gaps, one on either side of the mid-rib. 

The last but not the least important is the interpretation of the bundles 
Sa and 83, which occur on the outer side of the placental strands. The}'' 
are undoubtedly the most prominent bundles. It has already been pointed 
out that they caimot be regarded as branches of the placental strand and no 
other suitable interpretation of them can be offered on the basis of the current 
view. 

(6) Hmmdtn' View. — Saunders (1937) holds that thoro are six carpels in 
the Moringaceae, three being 'semi-solid* and fertile and three ‘solid’ sterile 
(Fig. 7, B). The expanded placental regions are interpreted as the 'serni- 
solid’ carpels and the vascular bundles X, Y and Z (Pig. 4, K) with the surround- 
hig tissue are regarded as constituting the ‘solid’ sterile carpels. 


^ This is how such bundles liavo been explained by the supporters of tlie bi-earpellaory 
tliebry of the Crueifer gynteoeum (see Arber, 1931 and 1937). 
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In the first place my conception of a carpel is fundamentally different 
from that of Miss Saunders. I cannot regard it as axiomatic that every bundle 
represents a carpel. On the other hand, I believe that a carpel is primarily a 
‘three-traced organ'. Besides, I have shown that the bundles, X, Y and Z, 
are too insignificant at the place of their origin to be given the status of 
mid-rib bundles. As will be shown later, they are beat interpreted as secondary 
marginal bundles. 

(c) Atdhor's Vieio, — It is a well known fact that in ovaries with axile 
placentation the marginal bundles of the sanie carpel fuse together to form the 
placental strand which occurs in the central column of the ovary with its 
xylem directed outwards (i.e. inversely oriented with reference to the dorsal 
bundle). Such an orientation and position of the placental strand with respect 
to the mid-rib bundle are characteristic features of the closed carpels, where 
the margins of the same carpel fuse together to enclose a loculus. 

A closer examination of the vascular supply of the Moringa gynsaceum 
reveals clearly that exactly similar conditions are obtained here. The bundles 
Si, S2 and 83 are the mid-rib bundles while a, /; 6, c and d, e are tlie marginals 
of the three carjHjIs. The two margins of the same carpel fuse together and 
form an inversely oriented placental strand on the inner side of the mid-rib 
bundle. As stated above, such a relation between the placental strands and 
the mid-rib bundles constitutes a sound basis for regarding the carpels in 
Moringa as of the closed type. The realisation of such a condition has been 
rendered somewhat difficult by the so-called solidification of the carpels result- 
ing in the extrusion of the ovules and complete elimination of the loculus. 

According to such an interpretation the nature of the remaining three 
bundles, X, Y and Z, can also be satisfactorily explained. They can easily 
be regarded os the fusion products of the secondary marginal veins, given off 
after the passing in of the first marginal veins to form the placental strands. 
Their fusion has gone down so ‘deep' that separate components can no longer 
be distinguished now. 

Thus, on this view, which is diagrammatioally represented in fig. 7, C, the 
behaviour and nature of all the bundles seen in the base of the ovary can be 
satisfactorily explained. It is to be noted, therefore, that the Moringaceae 
is peculiar in having all the throe carpels of the solid type while in the Cruoiferae 
the solid carpels alternate with the sterile valves. 

(iii) SolidificcUion of the Carpels and eoctrusion of the Ovidesi 

Fig. 8, A-H is intended to show the probable way in which solidification of 
the carpels in Moringa may have taken place. The main factor which appears 
to have been responsible for solidification is perhaps the swelling of the mid- 
rib, wliich encroached upon the loculus and reduced the space therein to such an 
extent that the ovules were forced out through the opened marginB into the 
cf^ntral cavity (Fig. 8, E). Later on the margins fused together and closed 
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the looiiluB whose cavity became further reduced aud finally disappeared 
completely (Fig. 8, The ovules are thus extra-carpellary in the sense 










Fi«. 8, A H. 

Theoretical diagrams to Hhow the probable way in which tho Moringa gynteceuin 
may have evolved from aji ancestor witli three valve carpels. 


that they do not lie inside the loculus of the carpel which bears them. Eames 
and Wilson (1930) have already drawn attention to the extra-carpellary nature 
of the ovules in the Cruciferae. But they have suggested a different mode of 
extrusion of the ovules there (see Puri, 19416). 

Early stages in the process of solidification, as outlined above, are evi- 
denced to a certain extent in Reseda IvJleola, a member of a closely related 
family, the Resedaoeae. In this species the gynseceum consists of throe carpels 
which are fused below but free in the upper region. The margins of each of 
the carpels swing in and approach one another, much in the same way as shown 
in fig. 8, B-D, But they do not fuse, so that the loculus still opens on the inner 
side. Here, tho only thing to be desired to make an approach to the gynse- 
oeum of Moririga is the reduction in the size of the loculus to the extent at which 
the ovules may be expelled into the common central cavity. 

Dickson (1934) and Arber (1938) have actually observed such an expulsion 
of the ovules in Plcdysiemm califomicus, a member of the Papaveraceae. 
The ovary here is polyoarpellary and each carpel has a loculus of its own, 
opening into a common central cavity. Both these authors report that in 
some cases, owing to lack of enough space in the loculus, some of the ovules 
were seen pushed out into the central cavity (of. Pig. 8, E), 

In view of these cases it should not be at all surprising that ancestors 
of Moringa gynmoeum hod such a tendency to expel their ovules into the 
common central cavity. When once the lootdi became empty their complete 
elimination would be a logical consequence. The disappearance of the loculus, 
or in other words, the solidification of tho carpels in such oases need not be 
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matiTially different from tliat of those which have lost their ovules altogether. 
Wootison and Moore ( 1 0**18) have described an interesting series of stages of 
the solidification of Hteril<‘ carpels in Phiocarpa mtUica. In one of the thn^:^ 
flowers examined by tliem the ovaiy was found to be composed of four fertile 
carpels mch having a loculus of its own. In the second flower there were only 
two fertile carpels, the tliird carpel had a loculus hut no ovule and the fourth 
had lost even its loculus and become solid. In the third case again, there were 
only two fertile carpels while the other two had become solid carpellodes. 

Cases of sucli solidification are frequently seen in the stylar region. In 
Pi^tystenion mUfornicus, for instance, the margins of ea(di carftel fuse together 
to enclose a loculus which, a little higher up, disappears completely leaving 
what may be ('ailed solid styles. Arber (1937) has also reported similar cases 
of solid styles in Hypericum hirsidum. And then a little search into the liter- 
ature will reveal jnany more cases of this tvpt?. But it is not the purpose 
h(To to cite all the literaturti on the subject. What is more important for me 
is to illustrate the practicability of the scheme of solidification suggested here. 
That purpose, it is hoped, is served l>y the low cases cited above. 

(iv) PlcLceuiation. 

In accordance with the \l(m suggested here, we have in Mormga three 
closed and solid carpels and the margins of every one of them have fused 
together to bear a placamta having extra-carpcUary ovules. 

This mode of placcntatiou is to be clearly distinguished from parietal and 
axile placcntutions. In the former case each placeiita is formed at the point 
of fusion of the two adjacent margins of two carpels and ovules lie in the common 
central c^avity. Thus each placenta is formed by contributions of two different 
carpels. In axilc^ plac^mtation ovules are borne on the fused margins of the 
sanuj carpel and they lie within the loculus of that very carpel. But in the 
case under discussion the placenta is fonn«?d by the margins of one carpel and 
not by ^ j carpels a.s in parietal placentation and yet the ovu]e.s are contained 
in the common central cavity. 

As this condition appears fo be quite common in the Rhoeadales (Eames 
and Wilson 1928; Puri, 19416) it is desirable that it should be given a definite 
name. For this purpose I venture to suggest the 'extra-carpellary ’ placen- 
tation. 

The presence of this new tyjie of placentation demands a more restricted 
use of the term Toculus'. 8o far it has been used for any cavity or chamber 
containing ovules. The carpels in as also tije solidified ones in the 

Crucifers and Capparids (Eames and Wilson, 1928) have lost their loculi and 
y(^t the term is retained in the description of ovary, which is unfortunate, 
It is, therefore, necessary to suggest that the term ‘loculus* should be applied 
only to the cavity enclosed by a single carpel as in axile plaoentatiom The 
cavity enclosed by more than one carpel, as is the cose in pfirietal and ‘extra- 
carpollary* placontations, may be described as ‘ ovarian chamber \ 
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(v) Systematic position of the Moringaceae. 

From the introductory paragraph of the paper it is evident that the 
systematic position of the Moringaceae up till recently was doubtful. Of late 
systematifits have agreed to place it in the Order Rhoeadales. Tt is to bo seen 
whether or not the present study strengthens its inclusion in the order. 

One fact which emerges out most clearly from the present study is that 
the carpels in the Moringaceae are not of the usual type. They are all solid 
in the sense that after having pushed their ovules into the oonunon central 
<!avity or ‘ovarian chamber’ they have lost their loculi completely. Neverthe- 
less, this difference is not of kind but of degree. 'Phe solid carpel is still a 
three- traced organ like so many carpels of tlie ordinary type. 

Such a specialization of the carpels is indeed a vtjry important feature. 
It is so far very rare, Iiaving been reported only in the Ordtu- Rhoeadales (Ban- 
croft, 1035), specially in the Cruoiferae and Capparidaceae (Eames and Wilson, 
1928, 1930). Its occurrence in the Moringaceae furnishes additional eorobo- 
rative evidence for the inclusion of this family in the Rhoeadales. The position 
of the family within the Order will be discussed in a later paper of the series. 

Summary. 

The different floral whorls arise in the usual acropetal succession. 

The* floral-cup’ is believed to be reoeptacular at the base and appendicular 
at the top and the ‘down- turning’ in the course of the vascular tissue entering 
the gynophore is interpreted to indicate that the gyrueceum has descended 
from an originally liigh position. 

The gynaiceum consists of three carpels which arc shown to be fertile 
and solid in the sense that they have lost their loculi by reduction. The 
grooves in the ovary wall which haA^e so far been regarded as corresponding 
to the mid-ribs of the (5arp<ds are shown here to mark the limits between the 
adjacent carpels. The evidence, upon which such a conclusion is based, rests 
mainly upon the vascular ground-plan in the base of the ovary. 

The ovules are extra-carpellary in the sense that they lie outside the 
loculus of the carpel which bears them. They are believed to have extruded 
long before the margins of the cariwls fused together to clas(^ the loculus. 

The peculiar typo of placentation is described as ‘ extra- carpt^Uary ’ and the 
term ‘loculus ’ is suggested to be used only for the cavity enclosed by a single 
carpel. For the central cavity enclosed by more than one c;arpel the term 
‘ovarian chamber’ is suggested. 

The inclusion of the family Moringaceae in the Order Rhoeadales is further 
strengthened. 

I take this opportunity of offering my sincere thanks to Dr. P. Maheshwari 
for his helpful criticism. I am also grateful to Professor A. J. Eames of Cornell 
University for examining some of roy slides and confirming my observations. 
To Miss B. R. Saunders I am indebted for some useful suggestions. Although 



88 


V. PlTRi: 8TODIB8 IN FLOBAL ANATOMY. 


my interpretations differ from her, she has very kindly confirmed most of my 
observations in a genei'al way. 
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POSTSOEIPT. 

When this paper was in press I found out on re-oxamination of my slides 
that the bundles X, Y and Z (Fig. 4) arise almost simultaneously with the 
bundles a, 6, c, d, e and/; but due to their very insignificant size they were 
overlooked in sections below the one drawn in fig. 4, I. 
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The thermodynamical properties of Bose-Einstein gas have been disensHed. 
by several authors. In this paper we shall examine the ratio of black -body 
radiation pressure to gas pressure for an assembly of Bose- Einstein [)articles at 
temperature T, The gas pressure is given by 

p=nkT(l-f^y- (1) 

in the non-degenerate case; and by 

i> = r(.s)C(*rr* '5(^+1) (2) 

in the degenerate case, where n is the number of parti(?les per unit volume, 
k is the Boltzman’s constant and T the absolute temperature. J^'urthcr, in 
the non-relativistic case 





{ («) is the Riemonn zeta function defined by 
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In the non-relativistic case the average energy per particle is much smaller 
than its rest mass energy and in the relativistic case it is the opposite. Aq 
and Aq are the degeneracy discriminants in the non-relativistic and relativistic 
oases respectively. When f (|) ^ non-deg^erate and 

degeneracy sets in when Aq is greater than £ (|) =» 2»612, For the relativistic 
oase the oritioal value of Aq is C (3) — 1*202. 
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The black-body radiation pressure in the system will be 


• where 


^5 

15 C8ifc8‘ 


( 3 ) 


We shall now derive expressions for 8 the ratio of the gas pressure to 
radiation pressure for the different cases. The physical meaning is discussed 
later. As usual this iiichules two sub-cBses, viz.: (1) the non-relativistic 
cast';, and (2) the relativistic case. 

Case, 1. Non-relativistic non-degenerate case. 

( y = > 1 . ^0 < 1 ) 


Tn this case we have from equations (1) and (3) by giving s the value 


„ _ 45 /mc*\| . 

* - iM ( 


Case 2, Relativistic non-degenerate case !)• Wo obtain 

as before from equations (1) and (3) giving s the value 3, 


8 = -T Ai‘ 


.. ( 6 ) 


Degenerate case (Aj ^ {(^))‘ 

In the degenerate case 8 is determined in a similar way. From equations 
(2) and (3) we have for the non-rolativistic case (s =: f ), 




and in the relativistic cose (« « 3) we get 


.. (7) 


The variation of 8 in the various oases is best represented graphically. In 
figure 1 the abscissa represents log and the ordinate log y. On the upper 
side of the line RR the abscissa scale is for log A^i and on the lower side for 
log . The continuous cxirves are the curves along which 8 remains constant 
and its value is noted on the curves. The space above the line RR (log y as 0) 
denotes the non-relativistic region and below it the relativistic region. The 
broken line DiDy divides the degenerate region from . the non-degenerate 
region. The degenerate region is to the right of the line. Similarly, the 
broken line D^I>^ (log » C (3)) divides the non-degenerate from degenerate 
region in the relativistic part of the diagram. It will be seen that and 
DtD% are almost in a line. 
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( 9WC®\ If, 

y ~ "^ 1 ) absoissa lo^ A(s and log 

for the spaces above and below the lino RB re«potJtively. Thus oaeli of the usual four 
sub-coses occupy almost a quodront, viz., 

the non-relativistio degenerate case in the first quadrant ; 
the non-rolativiatio non-degenerate case in the second quadrant ; 
the relativistio non -degenerate oaae in the third quadrant ; 
and the relattvistic degenerate case in the fourth quadrant (whero 3 «« 1), 

It is clear from the figure that in the relatividic case gas pressure is smaller 
than the radiation pressure, and they become equal to each other in degeneracy. 
This region where the two pressures are equal is shown shaded in the figure. 
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In the non-relativistic case, the gas pressure is always greater than radiation 
pressure in degentsracy, but can be greater or smaller in non-degeneracy. 

It follows, thei^efore, that when 8 < 1 the gas is necessarily non-degenerate 
but the converse is not true, that is, in a non-degenerate gas 8 may be less 
than, equal to, or greater than, unity. When the gas is degenerate 8 is greater 
than unity in the non -relativistic case, but is equal to unity in the relativistic 
COSO. These rcjsults are similar to those obtained in Fermi -Dirac Statistics 
but with the differonce that the ratio of gas pressure to the radiation pressure 
becomes eqiial U) unity in the relativistic degenerate case for Bose-Einstein 
gas, whereas in the Fermi- Dirac degenerate gas 8 is always greater than unity. 
This is to be expected since the radiation itself behaves as a relativistic 
degenerate Bose-Einstein gas. 

Our thanks are due to Dr. 1). S. Kothari for his kind interest in this work. 



PROPERTIES OP A CONFLUENT HYPER-GEOMETRIC FUNCTION. 


By B. Mohan, Benares Hindu University. 
(Conmiunicated by Prof. V. V. Narlikar.) 
(Read January 7, 1942.) 


I. In a recent paper * I have Btudied the properties of the function 


M = 2 


2*’+2>'r(i.-fy-rr) ■ 


This has led me to study, in this note, the properties of the analogous 
function 




V 


r''+-Y 


Z2>'+2vr(e+y+l)’ 


(I.l) 


To begin with, the series (1.1) is absolutely and uniformly convergent in 
any finite interval of values of *. It is also obvious that 

(7o(*)=c*** (1.2) 

sM “ ;^4.T) t^i(c •'+>:! > -1- • {1-3) 


2. Differentiating (1.1) with respect to a: wo have 


^r+'^YTiv+y+l) 


^ y (2e+2y)a;''+^y- ‘ ^ y x^+^y- t 

“ ^ 2-+ 2>'r(v+y + 1) " V 2*’+2rr(v+7-ri) 
“ Z2''+2r-ir(v+7j ~ *‘^2''+2yj’(v+y+lj ' 

It follows that 


• ‘A Confluent Hyper-geomotrio Function.’ — Proc. Nat. Inti. Sci. India, VH, 177- 
82, (1941), 

V£>L. VUI— No. 1, 


[Published March 14th, 1S42. 
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■ (|+;)».w 


x''+'^y 


^2-'+=^5'r(^ + y+l) 


V . V 

V2’’+-’'+'n-'+y+]) 4- 


2''+'-yr(i/+y+r) 


V _ . +y (*'+2yK+-y--’ 

Z 2-T2r+ 1 r\v+Y'+iyZ 2''’+2yr{..+y+i) 


r-f 1 


2"^^*r(v+p+i) 


^ X^+2y+ 1 

‘ «'/ W + 2, ay +1 j'/^4. 


ay+lp(^+y+,) ^2''+2yi li’(^+y+2) 


'C' (y+ l)a:''^^y * ^ 

^2v+2yi I/V„j.v4.' 


- 2,~27:f i v+y+i 


Thus, we have 




As a particular case, 


go'(x) =a ^^xgo(x). 


Now, from (2.1) we have 


9p ^ 9 v~l^ "^3.2 * 


Also, from (2.2) we have 






/. Hubtractmg, we have 


That is, 


(f,'+ j ,,j+r +^.- 1 _ u, - 0 , 


on using (2.1). Thus, we get 


(i - 1) + {r~ ^ ~ p) • ' 


(2.4) 
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This result could also be arrived at by starting with (1.3) and making use 
of the differential equation satisfied by the function 

Other results that can be easily derived from the above formulae are: 


= •• •• (2.6) 



where w is a +ve integer. 




-VX 


1. 


3. 


= il wv+i) 

> ZrH|y’2ay‘ /V+y+l) 


00 



(H 

f lv) |y ■ 22y 


r*l 

'' 0 


iJ(y) > 0 



.. (3.1) 
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These results may also he thrown into the forms 




r(v) 

0.4- 

Tiv) 




(IM) is also equivalent to 


g,{x) = 2 


/I 

.V2!i 
A*') J 0 


sin^-- ’ 0 COB 0 ei^® ® d0. 


Finally, from {.‘{.1) we have 


ihi^) 


at 'e 




2-r(v) 




X - for large x and JR(v) > 0. 


4. Let us evaluate the integral 
/ 


f 

J 0 


-Ig-O** 


g^{bx)dx, 


where iE{a) > R(b^) > 0 ; iJ(v+lJ) > 0. we have 

{bxY+^ 


r ® /I \V‘ 

I = xP-'^ e-“** T 

J 42 -^^>'r(r 






F(F+y+l) 


-^2-+2yr(v+y+l) 

a proccKs easy to justify. Hence 

^ ~ -Z 2>^+^+ l r(v+y+l)a*P+*^-^ ‘>' 

ft. ^r(|p+|F)(|p+|v.y) 

"* 2-+^ o4P+i-^ F(v+1)(f+ 1, y) \4o/ 
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Thus we find that 

AdO 

xV-h-'^*gJ^bx) dx 4«(a) > > 0; R(v+p) > 0 

^ 0 

, , , j.. 

“ 2’’+’aiP+iT(v+l) 


Particular Oases ; 
(i) p = v+2 


fsCO 

j 0 


'^g^{hx) dx R(v) > - 1 ; AR(a) > R^ > 0 


=s 2^“*' 


6Y 1 

a) 4a— 6^* 


. (4.2) 


Further, putting - we get 

At 


f *''+ h *'’**V(6*) <ix^-^ R(v) > -I ; R{b) > 0 . . (4.3) 

J n 6*'“’ ^ 


In particular, when = 1, 


f a?*' ^ dx^ 2. 

^ 0 


(ii) p = 1 


^00 

e" '*^^gj<hx) dx 4fl{o) > Rm > 0 ; i?(v) > - 1 

^ 0 

If in (4.1) we put v = 0 and make use of (1.2) we arrive at the familiar 
result 


j,p-lg-(a-l6*)a!»^^, 


where Rip) > 0 ; 42*(o) > J?(6*) > 0. 




(4a_&2)< 


7 




ON A PHYSICAL THEORY OF THE SOLAR CORONA. 


By M. N. 8aha^ D.Sc.y F.E.S.f F.N.l.^ Palit Profenw of Physics, 
Calcutta University. 

{Receded January li, 1942.) 

8UMMABV. 

The paper preeents a ‘ PJiysioal Theory of the Solar Corona ’ baaed on the diseovery of 
Grotrian and Edlen that the coronal linea are due to forbidden tranaitions of atoms 
of iron, niokel and calcium, stripped of a large number of electrons, and presenting the 
electron-composition (3p)jf {z ^ 1 to 5) for iron and nickel, {2p)»’ for calcium. It is shown 
that such ions can be due to some kind of nuclear reaction only, similar to Uranium Fission, 
occurring at some depth below the ohromosphero and thoy are not certainly due to large 
scale meteor dashes. The range, and energy balance of such high speed particles 
(i.6. the cross 'Sections for loss of electrons, and capture of electrons fixmi solar atoms) are 
calculated and discussed. It is shown that they are in good accord with observed facts. 
The formation of the outer corona is suggested to bo due to the constant stream of 
&-rays ejected from the solar atoms by the high speed ions. A programme for further 
work is indicated. 


§1. Intro D0OTION. 

The problem of the solar corona has baffled astronomers and physicists 
ever since physical science began to be applied for an understanding of its 
moohanism. The available knowledge, and the different theories up to 1936 
are summarised in the Handbuch der Astrophysik, Band IV, p. 316, and Band 
VII, p, 395, and subsequent theoretical attempts are given in the references 
under the headings Anderson (1926), Mimiaert/ (1930), Grotrian (1931 and 
1934), and Thackeray (1940), It will be seem from a perusal of these references 
that there are two distinct but associated problems involved which may be 
termed respectively as: — 

(1) The problem of the Coronium. 

(2) The problem of the Corona. 

In the Coronium problem, we have to find out the element or elements 
responsible for the lines 6303, 6374, and others (vide Table 1) which are found 
to occur in the inner corona (from the top layers of the chromosphere up to 
heights of 6' to 8' from the disc), and which used formerly to be ascribed to a 
hypotheticed element ‘Coromum’ ; and the nature of electronic transition giving 
rise to these lines. 

vou, vm--No. 1. 


[Published March 14th, 1942. 
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Tabx^b 1. 


Lineif in the Soktr Corona, 


Wavelength. 

Frequency. 

Intensity. 

Origin. 

Bemarks. 

882a 

30039*46 

2*8 



(3359) 

29762-24 


Fe+12...8p* »P2->D2 


3888 10 

29500-62 

44*4 


3464’1» 

28942-59 

6*6 


(8401) 

28885*14 




(3605) 

28522*54 


.... 


(3534) 

28288*49 


.... 


3601-00 

27762*17 

4*4 

Ni+^‘> ...ip 


(3626) 

27670-76 



(3641) 

27467*18 




3642'9 

27442*86 




(3648) 

27404*50 




(3651) 

27381*08 




3800'8 

26802*81 




3866 

25866*91 


Fb+’“ . . . Sjo* »P,-»Ds, 

Bowen (1940) obtains 
a lino at A 3871*9, 
and assigns it to 
the transition given 
here. 

(3801) 

25693*08 




3986*9 

25076*07 

0*8 



4086-3 

24465*13 

1*2 


.... 

(4180) 

24206*27 

, , 


.... 

(4131-4) 

24298*06 

. , 



4231*4 

23626*21 

3*2 


.... 

(4244'8) 

23661*62 


Ni+”..,3p»*Pj— *Pj 

.... 

431 10 

23189*97 


(t) 

43690 

22934*61 

1 

<0*8 

Co+“...8p *Pj-»P. 

Identified by I). Kun- 
du (1941). 

(4368) 

22731*24 i 

, , 



(4633*4) 

22064*28 

, , 


.... 

4567*0 

21890*09 



.... 

4586 

21799*40 

1 



(4722) 

21171*56 

. . 

.... 

.... 

(4726) 

21168*12 

, » 

.... 


(4779) 

20919*04 

, , 

.... 

.... 

(6073) 

19706*72 



.... 

6116*03 

19640*98 

4*8 

* • • . 

.... 

6302*86 

18852*52 

110 

Fe+’* ...ip *Pj-»P4 

Discovered in 1868 
by Harkness and 
Young. See further. 

6536 

18068*58 



.... 

(6694*0) 

17567*48 

. , 

.... 

.... 

6374*51 

16683*15 

28 

Fe+* . . . 3p» *P|-*P| 

Discovered in 1914. 
Identification due to 
Grotrian (1981a). 

6704*83 

14910*61 

3*8 

.... 

Discovered in 1929 by 
Grotrian (1931a). 

7069*6 

14161*21 

4 

« • . « 

.... 

7891*94 

12667*68 

29 


. H, . . 

8024*2 

12468*88 

IS 

.... 

10746*8 

9314*4 

240 

Pe+“...8i>* »Po-»Fi 

Discovered by Lyot 
(1984) by mean* of 
the Coronagraph* 

10797^9 

9261*0 

150 

Fe+“...3p* *P,-»Pi 

ft 


M. K. saha: on a physical thkoby of the solae ooeona. 101 


Note.— T he wavelengths are taken from a table given by Dyson and Woolley, Edip»e» 
of the Sun and the Moon^ p. 132. The intensities are calculated in unite of 10*-* of the 
intensity at the same wavelength of photoapherio emission, comprised within 1 A. 
Lines of doubtful occurrence are given within circular brackets. The identifications as 
far as they could bo inferred from KusselPs (1941) short account, and Mr. D. Kundu’s 
investigations are given in column (3). As regards the intensities of the linos, it is well 
known that they are subject to wide fiuotuations. The intensity of the green coronal 
line fiSOS has been found by Lyot (1034) to vary between 3 to 70 X 10- ® of the Fraunliofer 
spootriun as defined above. The identification of 4369 to Co+i*..l#® 2jt2 2p® 3#® 
3p is due to D. Kiuidu (1042) and should be confirmed. Linos due to for- 

bidden transitions of ^ ore not in the available reuige. 

It is now needless to add that all previous speculations regarding the origin 
of the coronal lines proved to be wrong. The right clue to identification of 
the origin of the lines was suggested by Bowen’s discovery that the nebulium 
lilies can be traced to forbidden transitions of once or multiply ionised light 
atoms. It was felt that the coronal lines would be found to have a similar 
origin. The author of the present paper, and probably many others spent 
considerable time in ransacking the available literature for forbidden lines of 
elements which may coincide with some of the coronal lines, but without the 
least success. 

The hunt was confined to only singly and doubly, and sometimes trebly 
ionised atoms, because it was considered improbable that more highly ionised 
atoms con, without violating ordinary laws of physics, occur in the corona. 
It was therefore a matter of some surprise when Grotrian, in 1937, announced 
that the red corona line 6374 had a frequency which was nearly coincident 
with the frequency difference between the *P| and terms of Fe+® .... 
3jp®, which has a chlorine-liko structure, and the faint infra-red line 7892 had 
the frequency corresponding to the difference ®P 2 — ®Pi of Fe+io. . . .3p^. 
This identification was not taken very 8t?rionaly at the time, because we cannot 
see how, if the laws of physics continue to hold good, we can have iron atoms 
stripped of as many as nine or ten electrons occurring in the inner corona. 
But the clue was taken up by Dr. Bengt Edlen (Russel, 1941), and he has 
succeeded in tracing the most important coronal lines to forbidden transitions 
of highly stripped medium-weight atoms, viz. to Fo^®, Fe+i®, Fe*^^® and 
Pe+18 possessing 3/)®, 3j;2, structures; and stripped ions of Ni and 

Oa having similar structures. Details of this identification, as far as available, 

given in Tables 1 and 6. The claim is considered a good one by Prof. H. N. 
Russell, Dr. D. B. Menzel, and other Harvard astrophysicists. It may be 
mentioned here that these ‘lines* have not been actually produced in the 
laboratory, * only their frequencies have been calculated from the term -values 
obtained from the spectra of highly stripped atoms. The author of the 

* In foot none of the nebular lines has yet been actually observed in any laboratory 
©atperiment. Only the green auroral line 6677 due to O. . ^Dj-^So has been obtained 
iu the laboratory. 
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present note along with Mr. D. Kundu has re-exaxmned all the published data, 
and finds no reason for doubting the idontifioation. It appears therefore 
almost certain that the problem of the origin of the coronal lines has been 
finally solved, and the present paper takes up the study from this point 
onwards. 

§ 2. The Cokona Problem. 

The discovery that the ‘coronium lines* are due to metastable transitions 
of very highly stripped heavy atoms considerably enhances the difficulties 
which have been experienced for the last 80 years in formulating a reasonable 
physical theory of the ‘Solar Envelope*. We use this term in a comprehensive 
sense after Kosselarid (1934), to denote the totality of the phenomena known 
under the terms ; the Reversing Layer, the Chromosphere and the Corona, and 
consider their problems together as these cannot be dissociated from each 
other. The composition of the solar envelope is given in Table 2, which is 
compiled from data given by Unsold, Stematmoaphare (p. 348). It has not 
benm conHidered necessary to enter into a critical discussion about the corre<?t- 
ness of those values, as the arguments are not likely io be much modified 
thereby. Full details will be found in Unsold, he, cit. 


Tabus 2. 


Klement. 

Hoverfling Layer. 

Chromoflpiiore. 

Inner corona. 

H-atoins 

O^atoms 

MotalH or C*atotm* 

Free elaotrons 

1-8X10»» 

7 X 10®» 
7xi0*» 

6x 10*" 

S-6xl0*« 

7'xVo<» 

7 X l ‘oV 

per cm. 8 at T. 


The figures under ‘Reversing Layer * represent the total number of atoms 
over one cm.* of the photosphere. Hydrogen and oxygen are taken to be mostly 
unionised. The metals or C-atoms of Menxel (1931) are taken to be 80% 
ionised, and the fre<^ electrons are the result of their thermal ionisation. The 
‘ Reversing Layer ’ may have a depth of 100-150 kilometres, over which we have 
the chromosphere extending over 10^ km. The number of atoms over 
1 cm * of the base of the ‘Chromosphere’ (Menze), 1931) is taken to be roughly 
1/1000 of the number in the reversing layer. The inner corona starts from 
tiie top of the chromosphere, and show the lines ascribed to ‘coronium* usually 
up to heightjii of 5', but occasionally in the case of coronal streamers up to 
heights of 8' to 10* and more. The inner corona also shows a continuous 
spectrum from which the Fraunhofer lines are absent or blurred out. The outer 
corona shows a pixre (continuous spectrum in which the Fraunhofer lines re- 
appear and it extends usually in the quiescent stage up to 15' but in disturbed 
times, and in the case of streamers up to several solar diameters. 

The continuous spectrum in the inner or outer corona was ascribed by 
Schwarzschild to Rayleigh scattering of photospheric light by free electrons, 
and subsequent investigations have confirmed it [Grotrian (1934), Minnaert 
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(1930) and Burabauoh (1937)]. The number of free eloctronB at different 
heights is calculated by Minnaert (1930) from photometric measurements of 
the intensity of the continuous coronal light at different heights. The number- 
density in the quiescent stage is shown in Table 3, but very considerable 
huotuations take place occasionally, particulaily over coronal streamers. 


Table 3. 



) 

103 

1*06 

MO 

1*2 

1*3 

1*4 

1-6 

1*8 

2*0 

log N . . 1 

8-06 

8-49 

8*36 

819 

7*85 

7*58 

7-38 

7*05 

6*79 

6*57 

P 

2-2 

2*4 

2*6 

2*8 

30 

3*5 

4*0 

5-0 

6*0 

8*0 

log N 

6-40 

1 6*25 

613 

6*04 

5*96 

6*80 

5 71 

6*58 

5*40 

6*21 


p, the distance from the sun’s centre is given in units of solar radius. Thus 
p = 1*03 denotes 0*48' from the disc, i.e. nearly 2 x 10^^ krn. from the photosphere. 
The electron density per cm.® at this point is 3x10®. It reduces to rs: 10*^ 
per cm.® at a distance 7 radii, i.o. 5x10® km. The table is taken from 
Unsold, StermtmoapMre, p. 440, where it is quoted from a paper by Bumbaueh 
(1937). 

The Prohlema of the Solar Chromosphere, 

The abnormal heights reached by the H, K lines of Ca have been known 
for a long time to astrophysicists. In recent years quantitative measurements 
of gradient of density distributions of the different elements have beem made by 
Pannekoek (1928), S. A. Mitchell and E, J. R. Williams (1933), Gillie and 
Mendel (1935). The figures of the latter are reproduced in Table 4. 


Table 4. 

Denaity-Oradient m the Chrotnoaphcrc , 



Neutral. 

loniHoci. 

RemarkB. 

H 

6563 

1-64 > 10"* 






om."* 




He 

5876 

la 2p «P Va u ny 

0*78 

4686 

0-30 

Vide rf«markH in text 

Mg 


2*50 

4481 

- 


A1 

3861, 3044 

Up *P*, j-4** Sj 

2*77 

— 

— 

— 

Ca 

4227 

4*» >So~4« 4,) Ip 

>2*11 

.3934 

430 2«j-“47J ^ 

1*61 

— 

So 

.... 

— 


4*20 

.... 

Ti 

.... 

— 


3*32 

.... 

Or 

.... 

>2*07 


1*72 

.... 

Mn 

.... 

2*95 


1*80 

— 

Fe 

.... 

2*48 


1*69 


Sr 

4607 

m 53t) iPi 

. . ■ 

4077, 4218 

6** 8|-6p» P 

1*06 

— 
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The gradients are far smaller than 5*44 X 10“® om.*^ 


kT ) 


which is 


the value for an element of weight unity and for a temperature of 6000°. 
There appears to be some * force of levity* in action. The origin of this has been 
looked for in Selective Radiation Pressure (Milne, 1925), Electrical Force, etc., 
Turbulence (McCrae, 1929). But what is moat disconcerting is the fact that 
the density gradient appears to have the same value for elements widely 
differing in weight, e.g. for Mg. (A.W. » 24), and Fe (A.W. = 68) and is not 
much larger than that for hydrogen. What ‘mysterious forces* reduce the 
weight of Mg and Ca to almost the same value as that of H is still a problem. 

An important constituent of the chromosphere is Helium, which is not 
observed in the Fraunhofer spectrum but occurs only in the chromosphere as 
emission lines; though in recent years 10880*3, Is 2s — Is 2p has been ob- 
served by Babcock (1934) os a faint absorption line, and 6876, Is 2p ®P — 3d ®D 
was observed by Nagaraja Aiyyar to occur as an absorption line in the penumbra 
of spots. As a matter of fact, Everehed (1898) noted that helium lines tended 
to vanish as wo approach the ‘Reversing Layer*. Following this Paimekoek 
and Minnaert (1928) and Perepelkin and Melnikov (1936) have determined the 
distribution of He-atoms emitting Ds and 4471 {Is 2p ®P — Is 3d ®D, Is 2p— 
la 4d ®D) with height. They observe that the intensity of the lines tend to 
vanish at the base of the chromosphere, rises to a maximum at a height of 
2,500 km. and then gradually vanish, but can be traced up to a height of 
7,6(X) km. Another anomaly discovered by A. Fowler was the occurrence of 
He+ 4686, having an excitation potential of 73-volts in the hiver chromosphere 
(2,600 km.). 

The reversing layer and the chromosphere show plenty of strong lines of 
Fe, and Fe*** and some Fe++ -lines have been suspected and the excitation 
of these lines are satisfactorily explained on the theory of thermal ionisation. 
But no oxtranucloar process can deprive the iron atom of thirteen, and possibly 
of more electrons, at least not in the coronal heights of the sun. 

Toraperattires of the order of 2xlO^°C. or photoelectric light of wave- 
length 1 to 10 A.U. in sufficient strength would be needed. In fact, Prof. 
H. N. Russell (1941) remarks: — 

‘It is hard to see how these stripped atoms can maintain so high a degree 
of ionisation if the corona, as has generally been supposed, contains many 
free electrons. But apparent difficulties of this sort often turn out to be 
guide-posts directing to new knowledge. * 

We must add to this that the greatest difficulty has been encountered 
in finding out a sotrree for these electrons. They cannot ads© from thermal 
or photo-electric ionisation as we have then to postulate, in coronal heights, 
the existence of atoms and ions ; this is impossible on dynamical grounds. 
Reviewing several theories, Minnaert (1930) remarks : ‘Anderson has shown 
that t!x© corona cannot be in equilibrium if the ordinary physical laws are 
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valid. Instead of assuming, as he does, that very hypothetical modified laws 
must be applied, we may attempt to account for the corona by assuming that 
it really is not in equilibrium, and that its particles are continuously projected 
towards spacs. ’ 

We shall see later that Minnaert has been right in giving up the 
equilibrium theory. We have to find out what forces impel the electrons 
towards outside space. In fact difficulties of such a serious nature have been 
encountered in finding out the origin of coronal electrons, that at one time, 
it was seriously thought that the coronal glow was due to scattering of light 
quanta by the light quanta themselves. The scattering cross-section for this 
effect was in fact calculated by Heisenberg and Euler (19'M), but was found 
to have the extremely small value of 10* 7® cm. 2 for the average solar radiation. 
This requires an enormous number of light quanta for the observed effect, 
and therefore the h 3 rpothe 8 is had to be given up. 

In addition to the question of origin, the stability of electron clouds in 
the corona has engaged the attention of physicists, for a cloud of electrons 
would disperse to nothing in a very short interval of time due to mutual 
electrostatic repulsion. Anderson at one time pointed out that the presence 
of an equal number of positrons might ease the situation, but the query about 
the origin of the hypothetical positrons has never been answered. It is difficult 
to see how positrons can occur in the corona, for then electrons and positrons 
would annihilate each other, forming annihilation radiation. There is no 
indication that such a process over takes place in the corona. 

Another difficulty was pointed out by Moore (1934) and further investi- 
gated by Grotrian (1934). Moore showed that though Fraunhofer lines are 
blurred out from the inner corona, they reappear in the outer corona. Grotrian 
(1934) found that the continuous spectrum of the scattered radiation from 
the inner corona shows depressions in regions corresponding to Fraunhofer 
absorption, but displaced by about 100 A.U., but the lines appear again in the 
outer corona. He sought to explain the first of these observations by the 
hypothesis that electrons in the inner corona are moving outwards with 
velocities of the order of 4,000 km. (corresponding io a temperature of 4-8 x 10®) , 
But for the reappearance of Fraunhofer lines in the outer corona, he had to 
postulate the existence of ‘Cosmic Dust’. 

But Astrophysicists have never been able to understand how cosmic dust 
of the size postulated by Grotrian can exist at such close proximity to the sun 
without vaporising completely. The phenomena may as well be explained 
by the hypothesis that the electrons in the outer corona are, at least partly, 
nearly at rest. 

§ 3. Preliminary examination of different hypothesis hegarding 

ORIGIN OF HIGHLY STRIPPED ATOMS IN THE SOLAB CtlRONA. 

Two suggestions may be made regarding the origin of highly stripped 
iron and other atoms in the solar corona. 
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(1) That the production of highly stiipptxl iron, nickel and calcium atoms 
is due to the bombardment of the solar atmosphere by * Cosmic Dust* which 
is meteoric matter, consisting mainly of elements which occur in great abun- 
dance in stony and iron meteorites, viz. Fe, Ni, Ca, Mg, etc. The 'Dust* or 
‘ Meteors * enter the solar atmosphere with a velocity of the order of 6-22 X 10^ 
cm,jnec, (velocity of escape from the surface of the sun) which is much larger 
than 3 x 10# cm., the average velocity of entry of cosmic particle into the Earth’s 
atmosphere. In the (iase of the meteors it is well known that these get incan- 
descent by friction in the Earth’s atmosphere, and give out characteristic 
lines of neutral and once-ionised atoms of Ca, Fe, Mg, Si (Millmann, 1933) 
and other elements that they are composed of. In the sun, it may be assumed 
that on account of the much higher energy, the elements are stripped off of 
many of their electrons. 

According to this view, the coronal lines are due to large scale meteoric 
fiashes, and are caused by the passage of the sun through a cloud of cosmic^ 
dust. This hypothesis is examined in §4 and found to be opposed to facts. 

(2) We can assume that the highly ionised iron and other atoms are being 
constantly produced somewhere in the solar envelope by some kind of nurj^r 
reaction, similar to Uranium Fission, or some other type of nuclear reaction 
still undiscovered, and projected upwards with energies of the order of millions 
of volts, through the higher chromosphere. The ion may even start as a bare 
nu(jleus, and its passage through the higher chromosphere may be compared 
to that of an a -particle or better of uranium fission fragments through the 
cloud chamber. During its passage, the Fe-ion goes on capturing and losing 
electrons, and ejecting electrons from the atoms and ions it encounters (Ionisa- 
tion by Collision). The capture of electrons by the Fe-ion is illustrated by 
the emission of the coronal lines and electrons ejected from higher chromos- 
pheric atoms and ions probably from the outer corona. 

We may call this the S-ray theory of the origin of coronal electrons. It 
appears to be in fair agreement with all that we know of the outer corona; 
the S-rays, i.e. electrons liberated by the heavy Fe and other ions will have a 
maximum velocity of twice the amount possessed by the original ions and can 
therefore rise to four times the height of the heavy ions, and thus we require 
no heavy ions or atoms for the production of the electron atmosphere which 
gives rise to the outer corona. 

If this view be correct, the solution of the coronium problem has also led 
to that of the corona problem. 

§ 4. CnmoAL Examination op thn Mhtibob Flash Hyfothbsis. 

Whether the emitters of Coronal lines are streaming in or streaming out. 

Decision may be arrived lietween the two views by finding out whether 
the emitters of coronal lines are streaming out or streaming in* Fortunately, 
we are in a position to give a defixute answer to this point, 
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Grotrian (1931a) was the first to find out that the coronal line 6303 has a 
rather large breadth (of the order of 1 A.U.). This has been confirmed by 
Lyot (1934 and 1936) in his Coronagraph observations and lie finds for the 
three most prominent coronal lines the following half •‘breadths : — 


Line. 

Half-breadth. 

Ratio. 

5303 

0*80 

1*60x10-^ 

6370 

0*97 

1*62 X 10- < 

6703 

107 

1-60X10-"* 


If these breadths are due to Maxwellian motion, the mean velocity is 
32 km. per second, Lyot was under tlie impression that the lines were due to 
oxygen and he deduced that this signified a temperature of 6*6 x 10® degrees C. 
Taking the emitters to be iron-ions, the temperature ought to be 2*34x10® 
degrees. Such temperatures are of course unthinkable on the surface of the 
sun, and Waldemeier (1938) has shown that the width curve of Lyot can bo 
explained on the supposition that the emitters of coronal lines are streaming 
radially outwards with a mean velocity of 60 km. per sec, Lyot (1934, see 
Fig, 6) has further found that the width is large^st w^hen the emitters are nearest 
the sun’s limb, and become narrower as the height increases. This combined 
with Waldemeier ’s suggestion points out that th(^ velocity of atoms emitting 
coronal lines increases inwards, i.e, towards the solar limb. 

Let us now try to interpret these facts. Waldemeier’s suggestion is quite in 
agreement with Minnaert-’s quoted above (page 105, line 3). Further, though 
his conclusions hold equally well whether the emitters are streaming in or 
streaming out, the fact that they have a mean velocity of tlie order of 60 krn, 
per sec. in the inner corona shows that they cannot arise from the ionisation of 
meteoric matter coming from space. In that case the velocity of entry would 
be of the order of 600 km. /sec. It may be supposed that this velocity dimiiiislies 
in the inner corona to 00 km. on account of the resistance, but this is not very 
probable, because, the resisting force would be working far more strongly as 
the particles plunge inwards, and the velocity would therefore diminish inwards. 
This is irreconcilable with Lyot’s finding that the velocity of the emitters is 
largest nearest the sun’s limb, and diminish outwards. 

Bussell (1929) considered the dynamics and physical state of metcjoric 
matter near the stars, particularly the sun. His conclusion may be quoted : 

'Masses of stone or iron will be completely volatilised by the sun’s heat, 
before they reach the surface, unless they were originally a foot or more in 
diameter. But the atoms resulting from volatilisation will proceed with 

unaltered speed, and fall into the sun unless repelled by radiation pressure 

Further, the meteoric matter falling into the sun may scatter enough to 
account for a small fraction of brightness of the ooix)na, but cannot exert 
enough effective absorption in the spectrum to produce the equivalent of a 
single narrow Fraunhofer line’ (equivalent width 10"® A.U.), 
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It can be easily seen that an iron-atom moving through the sun's atmos- 
phere with a velocity of 6 x 10^ km./sec. cannot lose any electron by collision 
with the free electrons of the upper corona, for the effect is the same as if the 
iron -atom was at rest, and the electrons were moving past it with a velocity 
of 6x10® kra./sec. For an electron, the equivalent energy is merely one- 
electron volt and is too low to cause even the loss of a single electron from the 
Fe-atom. It would be otherwise in case of collision with protons, or heavier 
nuclei (say a-particle or heavier ions). In the case of encounter with protons, 
it is equivalent to bombarding the iron -atoms with protons of about 2,000 
volt energy, and about 13 collisions are sufficient to relieve the kon-atom of 
13 electrons. But neither hydrogen lines nor lines of any other familiar 
elements have been observed beyond a height of 14,000 km. (top of the chromo- 
sphere), and as Anderson (1930-1932) has shown it is d 3 mamically not possible 
that any atom or ion can, under the usual conditions prevailing in the sun, rise 
to the height of the inner corona (i.e. from the top of the chromosphere to a 
height of 3' to 5', i.e. 1-30x10® to 2-17x10® km.). It is therefore almost 
certain that an iron-atom vaporised from a meteor striking the sun with the 
usual velocity cannot be relieved of as many as 13 or 14 electrons whOe passing 
to the inner coromi. We must look for the origin of these highly stripped atoms 
elsewhere. 

§5. Nitolbae Rbaotion Thboby of Cohokal Exojtation. 

We shall now develop the ideas of nuclear reaction theory of coronal 
excitation briefly sketched in § 3. It may be mentioned here that there is 
already a certain volume of opinion in favour of such a view. Thus Rosseland 
(1933), after reviewing at length the numerous anomalous results in the solar 
envelope, points out that some of these anomalies may be explained, by 
assuming that some kind of radioactive process is in action, which forces charged 
particles radially ouitmrds ihrongh the envelope. Naturally enough, no attempt 
was made to define the nature of this radioactive process, and the reaction of 
the charged particles with the atoms and ions in the solar envelope. 

From the evidence so far available, forbidden lines of Fe-^® Fe+i®, 

having the constitution 2p* (x =» 6 to 1), and lines of Ca and Ni having similar 
constitution have been identified in the corona. It is quite possible that 
there may be still more highly charged Pe+-ions, viz. (3^®) Pe+^® 

{ 3s), Fe+i* (2p*). But as these have no motastable levels, there are no 

means of detecting their presence in the corona. Fe+^7 (2^5) (Joes not appear 
to have b^yen yet spectroscopically investigated, but on extrapolation from 
known data, the forbidden line ^ •Pj is expected to have a wavelength of 
900 A.U. This being in a region not available to observation the presence 
of cannot be detected . It can be proved that no other ion of higher 

charge can emit a metastable line within visible range; hence even if they aare 
present in the corona or lower, in the solar envelope, it is not possible for us to 
detect ohoir presence. 
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Table 

Stri2>ped Iron-ions and their ISUclron-Structure, etc. 


Ion 

Electron 

Structure. 

Funda* 

mental 

State. 

Value 
of the 
lowest 
terras 
in volts 

/I. P. U 
V 13*64"" w 

Homarks, 

Fea« I 

. . 

*I>4 

7-83 

0-76 


Fe II 

. .3d8 


16-5 

MO 

Forbidden linos found in 
ij-Carina. Bowmen (1930). 

Fe III 

..3d« 


30-48 

1-60 


Fe IV 


flS 

66*8 

2-06 


Fe V 

. .3d* 

'Do 


(2-37) * 

Bowen (1940) gives raotastable 
lines found in nebulae. D. 
Hundu tbinks that some of 
these lines may occur in the 
corona. 

Fe VI 

..3d3 



(2-09) 

»» 

Fe VII 


3F 


(3*01) 

»» 

FoVIII 

. .3d 


150*4 

3*33 

“ 1876 cm.“^ 






No nietastable line available. 

FeIX 

..3p0 


233*5 

4- 15 

No metostable state. 

FeX 

. . 3p6 

1 

201 

4*39 

A 6374*76 ^P, ^-^p. 

A 7892 

FoXI 

..3p* 

3P 

288*1) 

4*02 

FeXII 

. . 3jp3 

*S 

320 

(4*91) 

Has no motastablo lino in the 
available range. 

Fe XIII 

..3p« 


340 

(6‘00) 

10740*80) 

10707*96 5 

Fe XIV 

..3p 

ap 

373 

6*26 

A 6303 

Fe X V 



464 

6-79 

No motastablo staUs. 

PeXVI 

..3s 


487 

6-99 


Fe XVII 

• • 

'Ho 

126l)*7 

9*06 

»* 


* Tarentheeej» ( ) denote that the value is extrapoloted. 


We shall now give certain arguments which appear to point out that the 
probability of ooourrenoe of ions more highly stripped than Fe<-i» or Ni+*8 is 
extremely small. For this purpose, wo refer the reader to Table 5, in which the 
ionisation potentials of iron, as far as available, are given. 

A glanue at Table 6 shows that the ionisation potentials of Fe-ions from 
Fe+8 to Fe+16 corresponding to the removal of electrons from Sp, and 3«. 
shells, vary in continuous gradation from 233 volts to 487 volts. There is a 
sudden jump at Fe+^s ^2p^) where the I.P. jumps up to 1260 volte. This 
18 OB expected, because now the electron has to be detached for the first time 
from the 2j>>shell. We calculate the orbital velocities of electrons in the 
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different shells on the assumption that F =» 


/n: 

V 13-50 


c/, where c 


velocity of 


light, / as Sommerfeld fine-structure eoiiatant, cf =» velocity of the electron 
in the H-atora, We find (vide column 5 of Table 6) that z^jn varies from 
4*15 for to 5*99 for in a continuous sequence, but 

suddenly jumps to 9-65 cf for the next ion Fe+i®. 


In a Uranium Fission process the fragments are formed with energies 
of the order of 80 to 100 mov. (mev »= million-electron- volts). Elements 
like Fe and Ni can be formed only in a threefold or fourfold fission process, of 
heaviest elements Ur§ **®, Ur®*®, Prot, or Th®®®, which alone, according 

to Bohr and Wheeler (1939), are capable of fission. These processes, however, 
have not yet been observed, but are quite possible on energetic grounds. 

If an iron -atom is formed in such a process, its kinetic energy will be of 
the order 60 mev., corresponding to a velocity of 6-4 cf. If the velocity is 10 cf 
the energy would be 140 mev., which is impossible on energetic grounds. Let 
UK now ask what will be the number of electrons which will be retained by the 
fission-fragment ? Now Bohr (1940, 1941), Knipp and Teller (1941), and 
Lamb (1941) have discussod this point in connection with the problem of finding 
out the not charge carried by a fission -fragment and have shown that the 
number of electrons reiainerl is limited by the condition that the orbital velocity 
of the outermost electrons retained by the ion, i.o. F* should be larger than that 
of the fragment as a whole, viz. F< where Jif.F,® =* onergy of fission. This 
points out that the fission fragment can be at most Fe+^®, but not Fo+i®. 
As Fe+i®.,3s, and Fe^^^, .3p® have no mctastable levels, they cannot be 
detected. We can detect ions ranging from Fe+i®. .2p to Fe+®..2p®, as 
already noted by Russell (1941). 


§ 6. Pabsaoe of hiohuy ohabqed (htbippbo) ions through the 

SOLAE BKVELDPK. 

In this section, the passage of highly charged iron -ions through the solar 
envelope will be considered. To start with, we do not make any a priori 
assumption regarding the exact point where the stripped ions originate, but 
merely assume that it happens somewhere in the reversing layer. As a first 
approximation we consider the envelope to consist mainly of H-atoms, in 
accordance with considerations given in § 2. 

The various possible reactions of a highly stripped iron atom with H-atoms 
in the solar envelope are : 

(1) That the Fe-ions, etc., release electrons from the H-atom by the process 
known as ionisation by collision [Thomson (1930), Bohr, Bethe (1932), Bloch 
(1933)]. 

As we shall see presently, this is the main factor for the reduotion in 
ener^^y of the ion. 
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(2) When the velocity slows down, due to electron-capture, there may be 
liberation of the proton (nuclear process). 

The loss due to this effect is usually of the order of 10"® times the first, 
but may be comparable when F^rsic/. 

(3) The ion may have its charge reduced by capture of free electrons, or 
electrons from the H-atom. 

This process must be taking pla<«5 in the reversing layer and the chronm- 
sphere, and as a result, the Fe-ion goes on losing its net charge as we actually 
observe (Fe+i® to Fe+“). 


Ene,rgy loss due to ionisation by collision. 

The energy-loss of th(i Fe-ion due to liberation of an electron from the 
H-atom is given by Livingstone and Bethe, 1937 

dE 47meV, /2m F^* 

where E = energy of the particle s= JJlf F* 

Zi = effective charge of the ion 
/ sss average excitation potential of the H-atoin. 

The effective charge of the Fe-ion varies from = fi for to 

= 4 for Fe+®. We shall, in the first instance, assume Zi to have the 
average value 5. 

The quantity / is not the Ionisation Potential — p-- = /o, but is « yl^, 

for particles are usually released with some velocity. The value of y has been 
found experimentally for N 2 , O 2 , H, A (Lehmann, 1927), but naturally no 
experiment can be carried out for H. We have taken y =» 2, and y = 1-2 
rather arbitrarily. 

After some work, the formula (1) can be put in the form 

dE , ... 

dx 

where a, may be called 'the electron-release cross-section* and is given by 

■■ ■• <») 
e* 

whore r© a — 5 a nuclear radius, 
me* 

Expressed in electron-volts, we have 

> 8 37 . 10'^ . ev, cm.* . . . . (3a) 

Ib using (his formula, E should be expressed in electron-volts. A plot of 
log c, against log Jr is given in Fig. 1. 
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Energy -loaa due to froion-Telease* 

Let us next find out the energy-loss sufiered by the ion due to communica- 
tion of energy U) the proton. According to Bohr (1940) this is given by; — 

dB 

-■JZ- (4) 


where = proton-release oross-seotion and is given by: — 




• Zi e*/ 


where zx 

Mx 

Afa 

Since 


. . Charge of the ionising particle ; here z^. 

„ ,, nucleus of atom ; here =» 1, 

. . Mass of the particle, i.e. of Fe-ion. 

„ ,, „ atom ; hero 

. . Effective radius of collision. 

=c Jlf H (mass of proton), and Mx “ 58 Af g, we can put 


.. (5) 


MxM^ 


Mx+M., 
rti 2 ^ Uh ^Bohr-radius 


Jlf2 ** 




Air^e^ni 


)■ 


After some work, it can be shown that 


^ a w a /Mc^ 




( 6 ) 


In deducing this formula, we have made use of the relation e^/un = 2/o. 
Expressed in electron-volts, the expression reduces to 

=a 4*56x . ev. cm * , . (6a) 


A plot of log (CT^j.mc*) against log E is sliown in Fig, 1 . It is easily seen 


that (Xjy is about a., 


at high values of By but the two become comparable 


when E ^ 10® ev. 
We have in fact 


??. ^ / logig-6’858 \ 

cTj,” ni \log^— 3*694/ 


Formula (3a) is inapplicable when is < 10® ev. We have then ^ 0*8 c/, 
i.e. Fe-ion will by this time acquire electrons, the value of would go down, 
and formula (3a) ceases to apply. 
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Fia. 1. EJleotron-reloaae oroBs-sootion {a^ and proton-roloawo orosB-eoction of a stripped 
iron atom at different energies 6, jy ^ 2). 


Depth of the Layer which can be penetrated by the Fe-ton. 


We sliall now calculate ‘the Range* of the highly stripped ions in the solar 
envelope. The results of the calculation are rendered somewhat uncertain 
by the fact that we have to choose and y rather arbitrarily. But this is 
unavoidable at the present stage. 

Following a procedure adopted by P, C. Bhattacharyya (1941), (1) can be 
put in the form 


ndx 


My^ ^ dc 

128 7T m 'a" ® 

* “b 


( 7 ) 


where 


Bohr-radius 


4w2c8f« ’ * 



2 


We can as a preliminary measure neglect the other causes of energy loss. 
These are: losses due to proton release, to gravity, and to collisions with other 
atoms, viz. Oxygen and C-atoms, We take z, ss 5, y «= 2; we can then apply 
(7) to find out the number of H-atoms which the Fe+-ion can traverse before 
it loses its energy. We obtain 


/ 


nix- JV(*o) - =. ■ ^2 


(»«• 


*0 


iL 

In € 


■« l-46x 10i» [if<(log €,) - A\(log € 0 )] 


.. ( 8 ) 
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For M 60 mev,, » (83'26)*, log *« 8*833, (log = 900 in round 
numbetB, 


Let us take the lower litnit Eq ^ I mev., correspondiug to « 2x 10* cm, /me. 
c^cf. At this stage, the Fo-ion will hare captured electrons from the H- 
atom, and would have most of its charge neutralised. i?,(log « 0, i.e, 
the formula (8), is inapplicable at this stage. 

We find that with these assumptions 

fndxs* l-3xl0*‘ (9) 


i.e. an Fe'^-ion of net charge =s 5 and having an initial energy of 00 mev. 
can pass through l*3x lO^i H-atoms before it loses the whole of its energy by 
electron -release. A reference to Table 2 shows that this is 1/15 of the number 
of H-atoms over the photosphere. Hence the Fe-ion has to originate rather 
high up in the reversing layer, but far below the base of tijo chromosphere. 
If the Fe-ion has to originate on the photosphere, a rough calculation shows 
that should be 280 ev., and = 13 r/ and the iron-ion should be Fe+*^ 
. . . U^. 2.y*. 


The probable value of * y ’ in the case of different gases has been considertxl 
by Rutherford, Chadwick and Ellis (Radiations for Radioactive 8ubstaiices, 
p. 81, Table). For diatomic gases the experimental value of ly « 2, and for 
monatomic gases, we have for He, y «s 1*13, for Ne, A, Kr, y » 1-3, FO, 1-76, 
respectively. Atomic hydrogen resembles He most, as it has the smallest 
mimb(^r of electrons next to He, and its radiation potential is high like He, 
A value of y = 112 is likely therefore to bo more correct for H-atoms. 

Taking this value of y, we get 




8-37 X 10"'' 


log ^ - 6-60(5 
E' 


ev, cm.* 


•• ( 10 ) 


i.e. th(j constant is 5 606 instead of 5*858 in formula (3o) 

Putting tliis value of y in the formula for calculation of range, we fi^nd that 

Jjida = 4-74xlO>7[i;,(log«J-JS?<(logco)] .. .. (11) 

'J’he value of «*8, however, is different. For E as 60 mev., log = 9*987, and 
Ei (9*987) r:a.241X); the value of Eq^ the lowest energy at which the formula 
ceases to hold now becomes 6 X 10** volts. We have 

N « M2xl0*i (12) 

HO that the total number of |)articl€» which can be traversed remain pretty 
nearly the same. 

Thp value of z,- varies from 6 to 4. In Fig. 2, the log NjlogE curves for 
diffei ent values of and for y « 1*12, and for « 5, « 2 are drawn. 

8b 
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Fio, 2. Total range of a stripped iron atom at tUfforent enorgios for variouH values of the 
effective charge. Range has been expressed as the total number of H-atom« traversed. 

§ 7. Captcric and Loss of Elbctbons by the swiftly MoviNa Ions. 

We have assumed in the foregoing treatment that the iron- ion takes 
its birth in the reversing layer as an Pe+^® Ia® 2^® with an energy of 

ca 60 uiov. and gradually loses this energy on its passage through an atmos- 
phere composed mainly of H-atoms. In course of this passage the ions have a 
ehanoe of not only capturing free eloctrbns but also electrons from the H-atonis 
and other atoms and ions ; further, it can also lose electrons by collision. Let 
us now consider this electron exchange phenomena. 

The only parallel case in experimental physics is the phenomenon dis- 
covered by Eendexson (1922) that the a-ray, while passing through the last one 
cm. of its range in air, can capture an electron from the molecules, and become 
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He+, which then might lose an electron by collision. Rutherford showed 
that this kind of alternate capture and loss takes place nearly two thousand 
times during the last 1 cm. of the path of the a-partiole. Towards the extreme 
end of the track, He+ may capture an electron and become neutral He, which 
may again lose an electron by collision. These cases have been treated by 
Rutherford (1923) and Jacobsen (1930). A preliminary account may be found 
in Radiations from Radioactive Svhstances by Rutherford, Chadwick and Ellis 
(p. 124 et aeq.). 

It has been shown by these authors that if N (He^ ^ ) be the number of 
a-partioies, iV^(He^) the number of a-particles which have caught an electron, 
Oc is the capture cross-section of an electron from air molecules by , 
and £7^ is the loss cross-section of an electron from He+, then we have for 
equilibrium 

A^(He++) « N(lle^) (13) 


In place of we can introduce A^., and A/, the mean frce-paths for 

capture, and loss. It is clear that A^ a= , A; = where N is the 

Jycrt> Acr/ 

number of air molecules per c.c. From this relation, we have 


JV(He++)/A^«2ff(He+)/A, •. (14) 


A/ is obtained from experiments, and A^. from observed ratios of A(He++) to 
A(He+). Kramers and Brinkmann (1930) have developed a theory of cap- 
ture of elootrotis irom air molecules by the -particle, and find that 

subject to certain assumptions, their results are in agreement with the data 
given by Rutherford et ah Jacobson (1930) has given a method of calculating 
A/ independently. 

Let us now turn to the present case. We have supposed that the iron-ion 
starts its career as an .1^* 2pMon, with a velocity slightly greater 

than 6 c/. Let us calculate first cr/ for any ion, by following the method given 
by Jacobsen. We can suppose that the ion is at rest, and the H-atoms are 
rushing past it ivith the velocity of the ion, which is slightly larger than 
6 c/. Then an electron can be knocked out of the .Is® 2jp^ by 

either the electron of the H-atom or its micleus. According to the formula 
developed by J. J. Thompson (1932), the energy communicated to the electron 
is given by 


Q 


mFj(2>«+d*) 


.. ( 16 ) 


where E, M are the charge and mass of the ray (i.e. either the electron, or the 
nucleus of the H*atom). 

e, m are the charge and mass of the electron belonging to Fe+i®. 
j) as collision distance. 
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Case (7) : 

In the first case (ionisation by electron of the H-atoTn)» ^ c, = w, 

_ ^ and d = = — . So Qo winch is the value 

wF (^2+d2) mJ/F* mV^ 

of ^ for ^ sa: 0 and the maximum energy wliich can be imparted to the (^le<!tron 
by the ionising particle equals — 1 = - wF®. 

From (15), we obtain 


277/) = 


27re^ 


SQ 

•Q, 


.. (16) 


The total ionising cross-section is obtained by integrating this expression 
within the limiting values of Q, These arc the maxinnim energy communicated 
whenp = 0, and W^y the energy needed to release an eletjtron from the Fe ^ 
ion. We have then 


r 

mV^lW, (Joj 


.. (17) 


In the case of ionisation by the proton, or any heavy particle it can be 
shown by a similar procedure that ©max = 2 wF^ as 4(?o* we have 


1 


^ mF2 


IW, 4QoJ 


So we have 




a, » STra.. . 


8*2^ ~ 


;] ■■ 

.. (18) 

4] ■■ ■ 

»WJ* /* = c*/a„, 

.. (19) 


.. (19a.) 


According to Table 2, we have in the solar envelope 90% H-atoms, 3*5% 
O-atoms, 3*5% C-atoms, and 3% electrons. The 0-atoms have each 8 elec- 
trons, and each one of these electrons can ionise the Fe+-ion, and similarly 
some of the electrons of the C-atoms. So the number n of electrons per c.c, 
which can ionise the Fe+-ion is given by 


where are the number of H, 0 and C-atomB. « number of free 

electrons. 

Taking Zi, Z 2 ** 8, we have n «= 90+8x3*5+8x3'6+3 *= 150 nearly for 
IIX) solar atoms. 
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The number of heavy moleonles, on the other hand, remain 100, Hence 
we have 




So we have the effective crofis-section 

9 

If we multiply tiiis quantity by n, the number of atoms per c.c. 




^ 2'5na^ 20wa^\ — ofg? y 


( 20 ) 


( 21 ) 


Under the assumptions made here a =a 0*7, but it can have any value from 0-7 
or a somewhat higher value to 0*625 for a purely hydrogen atmosphere. 

We have not applied the correction introduced in the ionisation formula 
by Thomas and E. J. Williams (1033) duo to the orbital motion of the electrons 
as the theory is not yet much developed. The introduction of these corrections 
may modify the argument substantially. 

The value log , for different values of * a' and are shown in fig. 3. 

The general features of these <r^-ourves for the iron-ions may be noted. 
We find that there is a critical velocity below which tr^ vanishes. The 

value of \/qc These critical values of velocity and the corresponding 
energies of the iron-ion are given in the second and third rows of Table 6. 


Tabi^d «. 



3ft 

15 

14 

13 

1 12 

11 

10 

9 

8 


8-072 

5-010 

4-844 

4-392 

4-234 

4-108 

3-865 

3-673 

3-471 

B (inmev.) 

92-2« 

35*55 

33-22 

27-32 

26-37 

23-89 

2M4 

19-10 

17-06 

* * i 

n-41 

7-086 

6-860 

6-212 

6-987 

5-800 

6-466 

6-194 

• 4-909 

B (in mev.) 

T84-r) 

7109 

66-48 

64-63 

60-76 

47-77 

42-29 

38-19 

34-12 


'rhe maximum value of occurs at s » V2« z*, i.e. at 0*99z, i*e. very nearly 
at s sw 2 . Tbe value of <r/ (called aim) at this point is given by . 

The value of for the different ions is given in the fourth row of Table 6. 
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The log — log s curves are drawn in fig. 3. We note that log 

rise from — oo (i.e. » ^ » 0) at s, very steeply to the maximum value 
at s, .m -)/§ Sg, and then falls down in a very gentle slope. 
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Ekctron-cupture by the ‘Fe-ions. 

In this section, the cross-section for electron- captttre by the Fe-ions 
are calculated. The electron captured may be : — 

(1) a free electron, 

(2) electron bound to the H-atom in the l^^-state, 

(3) electron bound to the C-atoms, oxygen and other constituents of 

the solar enveloi)e. 


Capture of Free Electrons, 

The problem of capture of free electrons by hydrogen-like ions has been 
very fully treated by Stobbe (1930). He has given tables of the capture cross- 
sections of free electrons moving with the velocity *V \ relative to a stationary 
hydrogen- like ion with the charge 2 ^, the capture being effected in the m, np^ 
ttd orbits. 

In our present case, the ion is moving through the solar envelope with 
the velocity « c,f,8. The velocity of the electrons relative to the Fe+-ion 

is given by F «= Fj— F«, where F* is the velocity of the free electron. 


Now I F^ I >> I F, I , hence wo can put F « F< (vide Stobbe's table, 
p. 687). 

Stobbe expresses his capture cross-sections in the form of functions of a 

tts 

quantity :i: which in our notation « where n is the total quantum number. 

With the aid of these tables, we can attempt an estimate of the cross-section 
for the capture of free electrons by Fe-ions. 

For Fe+i®. .1^* 2^* 2p®, wo have zJ*S = 5-99, and may bo supposed 

ftS 

to vary from 6 downwards. Wo have, therefore, a: — =« 1 to 0*16, 

the lower limit being for s s= I. According to Btobbe's tables, (735 (^30 ^ 
Stohbe’s notation) varies from 4 * 06 x IO-20 oni.2 to z=si6x cm.® 

Since there ore i)robably not more than 6 X 10*® electrons in the solar 
envelope, we see that the probability of capture of free electrons by the Fe+^®- 
ion ivH extremely small, except when the velocity has fallen to But 

this takes place in the high chromosphere, whore there are not sufficient 
electrons to capture. 

It can be shown in a similar way that the capture cross-section of free 
ele^otrons by is of the same order. 

When we come to the Fe-ions, Fe+i^ to Fe-^®, the capture takes place 
in the 3p-orbit. As a first step, the problem may be treated as hydrogen- 
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it aa ^31 in his notation. At low velocities, theses values are larger than g 3 „ 

but at high velocities the}^ are smaller. For zJ3 = 4-39, — «= 0*228, 

g3p^5xl0'“2^ cm,® Hence the probability of capture of free electrons by 
Fe+-ions is generally very small. 


Case (2), 

The general case of electron capture by a swiftly moving ion from any 
type of ion or atom has not yet boon solved. Kramers and Brinkmami (1930) 
have given a solution of iht^ problem of capture of an electron moving in the 
5-orbit of some atom by a charged -particle into its own 5-orbit, both behig 
regarded hydrogen -like. These results have been applied by them to the data 
of Rutherford (1923) and Jacobsen (1930) on the capture and loss of electrons 
by He+ ‘^-particles with good success. 

The capture cross-section from one l5-orbit to another l5-orbit is given by 
the formula,* 


-j = ~ , 220 . 26 . ;;.'8 . [s^ + iz^Z^f . . (22) 

Here the atmn-ion is assumed to have the charge z\ and moves with the 
velocity V « c/,5. 

2 as charge on the atom from which the electron is ca])tured. 

When the capture is from an l 5 -orbit to an n5-orbit, we have 

(T„ «s n^aiiZy z'/n) (23) 

In the present case, the Fe+^O-ion is capturing an electron into the 35-orbit 
from the H-atom, the electron there being in tlie 1 5-orbit. We have put 
w 3, 273 = of Table 5 5 = 5*99, 2=1. Hence we have for Fe'’'^® 


4-3«.s.22o.6'998. 

< ® 


5 ® 

[“52+ 6¥9“2p [72 +4 W]6 


.. {22a) 


We can apply the same formula for the capture of an electron by the Fe+^6 . . . 
15® . 25® . 2p® . 35 thus completing the 35®-Bhell. We have to put 2 ,- = 5*79. 
We have then 



3® . TT . 220 
6 


' • r«*+6-79»JH«*+4-79»]» 


. . (226) 


Values of ac for Fe+i® and Fe+i® different values of * 5 ’ are given in Table 7. 


2* 

• Thin fonmila U different from K. and B.’s No. (4), by the factor , As K. and B. 
treat a oaee where z' •=» 2, their caloulations remain imohanged. 
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Tabl® 7. 
or-Value«. 


« 

log 

8 

7 

0 

5 

4 

3 

1 

2 

1 

Fe+’<' 

4-32U 

4-5a94 

4‘7632 

4-8636 

4*8024 

4-4584 

5-5921 

[7*5491 

+ .. 

4-3803 

4*6453 

4-8621 

4-9800 

4-9593 

4-6483 

6-8160 

7-7990 


Electron Balance of the Fe4ons on paasage iJirough the^ Solar envelope. 

From the above reBults on the loss and capture cross -sections of highly 
ionised atom-ions, we can visualise to some extent the problem of their eleotron- 
balance, as they pass through the solar envelope. We assume that the Fe+i® 
-ion is formed with an energy of 00 mov,, V =» 6*5 cf. According to (17), the 
Fe-* can never lose any further electron as this velocity is <8*06 which is the 
critical value of s for this ion (vide Table 6), 

But the Fe+i®-ion can capture an electron, for at this velocity we find 
from Table 7 that l-4x 10"®® cm.^ and the value increases iis the velocity 
falls. The capture takes place after the Fe ^i®-ion has traversed approxi- 
mately 7 X 10^® H -atoms, or even less. By this time wo calculate from {3^tt) 
that the energy falls to rii 58 mev. and the velocity to s = 6*4. 

Career of the Pe+i®-wi. 

For the Ft? the critical velocity for loss is ^ 5*01 cf. But the 

Fe+i®-ion may start with a vtdooity of 6*4 cf and at this point « 1*3 x 
cm2. This is a rather large value, and Fe+i® has a chance of losing the elec- 
tron as soon as it is captured. This may happen, but all this while, the ion 
goes on losing energy, and the process is repeated, but with lesser chances 
for loss and increasing chances of capture. So during the stretch a = 64 
to « K 5 01, may lose and capture electrons a large number of times 

till ultimately at « » 5*01 corresponding to the energy 35*65 mev. vanishes 
altogether. The ion, by now, has traversed nearly 4x10®® H-atoms {vide 
Fig. 1). There are still about 7 x 10®® H-atoms to traverse. 

The i<m. 

From s « 5*01 to 4*84, E 36*55 mev. to 33*22 mev. the Fe+iMon 
wiU have a career similar to that of the Fe+i^don, The loss cross-section 
for Fe+i* at s 6*01 amounts to 1*37 xlO^^i® cm*. The capture cross- 
section ciknnot be estimated as the capture is now in the 3^-orbit. Let us 
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suppose that it is 1/10 that for the 3«-orhit for a similar ion, witli s == 5*0L 
Then we have aej£-5xl0“*^ cm.® and this varies rather gently with 
velocity. So at first Fe+i*-ion will lose electrons more frequently than it 
captures but as the velocity falls to s — 4-84, cr^ vanishes and can 

only capture an electron, and be converted to Fe+i* either in the 3p or in 
the 3p ®P^-state. But on account of the smaller value of Cc, viz. 5 x 10“®^ cm.® 
the Fe+i®-ionH have a chance of reaching greater heights, i.e. even a region 
where H-atoms do not exist, with small velocities. If th(^ capture is in the 
32> ®Pn-orbit, conditions are favourable for a forbidden transition to 3^ ®P^ 
for the time of flight is nearly 10 seconds, and there are very few electrons or 
atoms to encounter. Following the general procedure laid down by Condon 
and Shortley, Pasternack (1940) has calculated the values of transition proba- 
bilities of the metastabJe levels arising from ^'-combinations (a? = J to 5). 
From the yaliies of these transition probabilities and the intensity of the 
coronal lines, it will be possible to calculate the number of Fe+-ions streaming 
through the solar envelope, and thus forming an estimate of the contribution 
of this process to the total energy production in the sun. But these (considera- 
tions are postponi^d pending calculations of the capture cross-sections in the 
3p-orbits. 

The formation of the other iron-ions with lower net charge, viz. of 

3p®, Fe+ii 3p®, Fe+i^ Pe*^® 3p® takes place according to the 

same process as is described for Fe+i®, by smjcessive capture of electrons, 
after the velocity of the ion has been redticod by the ionisation -loss U) the 
critical values. A detailed discussion is postponed pending th<^ calculation 
of p-capture cross-sections. 

From this dicussion, it appears that Fe+iS-ion will be formed usually 
at a lower level than the succeeding ions, and the* Fe+®-ion will be formed 
at the highest level. But these formation processes all take place in the 
highest level chromosphere, and the technique is probably not sufficiently 
advanced to enable astrophysicists to find out the levels where these lines 
originate. 

COXOLUSIOX. 

If the considerations pi'esented in this paper be correct, the occurrence of 
the coronium linos in the solar corona form the first clear fingerpost that 
nuclear reactions are not confined to the interior of the stars, as already postu- 
lated with a certain amount of success by Gamow (1939), and Bethe (1938), 
and others, but they also take place on the surface of the Sim, and therefore 
generally on stars as well, and modify in varying degrees the phenomena taking 
phfcce there. In tliis connection, the following intuitive remarks of the lat<^ 
Lord Rutherford may be quoted : 

'In the furnace of the Sun and other hot stars, the electrons, protons, 
neutrons, and atoms present must be endowed with high average velocities 
owing to thermal agitation. It is thus to be expected that the processes both 
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of disintegration and aggregation of nuclei, such as are observed in the labora- 
tory, should be operative on a vast scale for all nuclei, and that a kind of 
equilibrium should be set up bcjtween these two opposing agencies of dissocia- 
tion and association for each type of atomic nucloua.* 

But it is obvious that before we can go to the root of the problems raised 
by the extraordinary discovery of the origin of coronal lines by Grotrian and 
Edlen, a largo amount of theoretical work and practical obstwations and 
work is needed* As the writer of the present paper will not be in a position 
to tackle all these problems single-handed, or resume these studies for some 
time, a brief resume of some of these problems is given : — 

(1) The production of stripped iron and other atoms has been supposed 

to be due to some kind of nuclear reaction, analogous to Uranium Fission^ 
but the heaviest elements so far discovered on the 8un are (this is con- 

sidered doubtful by some). Osmium and Platinum, Uranium and Thorium 
lines have not so far been discovorcid, probably because the spectra of tht^se 
elements have not been so far analysed and classified. It will be a useful task 
to get the lines of the fission elements classified and look for their ocourronce 
in the Sun. 

With respect to the probability of threefold or fourfold fission, fresh ex- 
periments are obvious suggestionB; if the Fe and Ni-ions responsible for the 
coronium lines consist of the usual isotopes they should be the end-products 
of a successive series of a-ray disintegrations, and hence the primary product 
of fission may be some element with a lesser charge, say 2 gV ®0 or 
but with an extraordinarily large mass, far larger than that of the isotopes 
of these elomcuits occurring in Nature. This may occur from the fission of 
the A-products or B-products (Saha, 1941), some of which have very large 
mass and may therefore possess an inherent instability for fission. 

This subject belongs obviously to nuclear physios and has been treated 
in detail by Bohr and Wheeler (1939), and Fliigge (1939). 

(2) We require a better knowledge of the composition and density-gradient 
of the elements in the reversing layer, the chromosphere, and the corona. 
Our knowledge? of the transition layer between the top of the chromosphere 
(14") and the beginning of the inner corona (48") is particularly defective. 
V(Ty good work on this line can be done during total solar eclipses, when 
attempts should be made to photograph fainter (soronal lines and prove or 
disprove tlieir presence. The transitional region may be investigated by 
means of a powerful Lyot eoronagraph at good heights, say at Kodaikanal. . 

(3) Borne progress has been made on the explanation of the peculiarities 
of the inner and the outer corona on the basis of the 8 -ray theory, briefly 
referred to in § 3, but the matter is so extensive that it can be taken up only 
in a separate article. 

The author expects to return to these and other problems which obviously 
suggest themselves to an astrophysicist, as soon as ciroumstances allow him 

to do HO. 
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X.RAY STUDIES IN INDIAN COALS. TART I. 


By J. Dhar, M.Bc.y A.lmt.P. and B. B. Niyogi, H.Sc., A.LC,, Indian School 

of Mines ^ Dhanbad. 

(CommunicattKl by Dr. K. Banerjce, D.Sc., F.N.I.) 

(Read January i, 1942.) 

Abstract. 

Sovfti'al aamples of vitraine arid of a fow other constituentH of coal have been studied 
by the X-ray diffrtiction method. The vitraiiis «o far exarnino<i indicate the presence of two 
charatitoristic rings of mean spacings 3-7-3*8A and 2*1 - 2'3A which are analogous to tlio 
spacings of corresponding prominent rings in the oasu of graphite. A strong amoll-angle 
scattering is invariably present. The diffi'Hction pictures of vitrain, durain and fusain 
are distinotive among themselves. The durain picture is a suporpositiou of tlie pictures 
of graphite and ash. The pictures of vitraina from the Jharia and ilaniganj field suggest 
a striking difference in rank and quality. This is in accord with the findings from chemical 
analysis. 

1. iNTBOBUCfTIOK. 

Since the diwcovciry of X-rayfl in 1895, among the numerouB important 
uses has been that of the application to the examination of coal. In this type 
of investigation the pioneer was H. Conriot ^ who, in 1898, submitted anthracite, 
bituminous coal and other Inels to X-rays and obtfuiied in their radiographs 
nearly every detail of the intimate stnicture of the mineral matter. Some 
attempts were later made to apply X-rays to the study of coals 2 by shadow 
photographs and to correlate the results wdth chemical analysis. But it 
has only been since 1924 that radiographic and radio-densimotrio methods 
were systematically and extensively employed, with improved technique, by 
C. Norman Kemp to the study of coal structures. Owing to the varying 
absorptive power of the ash of a coal, tlie shadow photographs obtained 
indicate in a remarkable mamier the distribution of ash in coal and hence 
enable the variation of such distribution in coals from various coal-seams to 
be traced. 

Forrester,* availing himself of the X-ray equipment of Norman Kemp, 
took radiograj)hs of twenty-four samples of Indian coals in order to compare 
them with the result of washability tests. 

In 1927 0. Mahadevan ^ commenced a systernatic study of Indian coals 
from various seams widely scattered, by the Debye-Scherror nu'thod of X-ray 
diffraction. In a series of interesting articles lie drew certain imjioriant 
concluaiong on the subject quite in accord with the findings of 8ir Lewis 
Permor from chemical and other sources. Since then no further X-ray studies 
on coal have bean attempted, so far as the present authors are aware. 
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Table I. X-ray Besidts, 
Spacings observed in A units. 
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North. 



Tablx I. X-ray BesuUs — (continued). 
S|Mcings observed in A units. 
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T^lb n. VUrains, 
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earn I 1*50 24*02 73*26 1*22 Interspace fairly clear; first ring sharp 

South] well-defined; second ring diffuse 

field). I week. 



Table II. VUrains — { continued). 
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♦ The substance at our disposal is too meagre to allow full chemical analysis. 
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As coal is an important mineral of industry and its systematic study 
may lead to vast possibilities from both academic and industrial points of view, 
the authors have taken up a systematic and extensive study of the coal structure 
on similar lines to and in continuation of Mahodevan^s work with a more 
powerful X-ray-unit and larger substanoe-to- plate distances^ 

Vitrain is generally regarded as representing the fundamental coal- 
substance. It is, therefore, considered that an exhaustive study, by moans 
of X-rays, of vitrains from different wmms of the same district as well as of 
different districts may tlirow some light on the rank and quality of the coal 
substance. This paper presents a preliminary report of the results of this 
investigation. An attempt is also made to correlate the X-ray diffraction 
patterns of the various samples of vitrain with their composition as ascertained 
by proximate chemical analysis. A few other constituents of coal have also 
been studied in this connection. 

2. Experimental. 

The X-rays used for the examination of coals were ibe Cu-K radiations 
emitted from the target of a Biegbahn-Hadding tube. The cop})or anticathode 
is cooled by means of tap water but the aluminium cathode by a pumping 
arrangement suspended from the ceiling. The high tension as supplied by 
an oil -cooled transformer to the cathode of the X-ray tube is rectified by a 
kenotrone. The lugii vacuum was obtained by a four-stage mercury-diffusion 
pump backed by a Cenco pump. The leak was maintained by the needle- 
valve on the low vacuum side. The tube runs smoothly when the primary of 
the transformer is supplied with an A.C. supply of 140 volts. The secondary 
current was 15 milliampa and the high tension supply usually 35-40 k.v. 

A very intense X-ray beam is usually obtained under these conditions 
and the X-ray tube runs smoothly almost without attention. The4ime- 
exposure needed is usually 1 hour, or 2 hours when a nickel-filter is 

The camera consists essentially of a platform carrying at one a brass 
rod with a fine circular hole bored along the axis and at the other end a plate- 
holder. The hole opens out wider at the end close to the-plate holder. 
X-ray-duplitised film is cut into suitable size, enclosed in a black-paper cover 
and then secured inside the plate-holder by screw attachments. A brass disc 
about 2 mm, thick has a circular orifice at the centre much wider than the 
opening of the slit. This orifice serves as the container of the substance. 
The disc can be attached with great ease to the end of the slit farther from the 
window of the X-ray tube. 

The coal samples were first of all finely jxiwdered and then inserted into 
the hole of the brass disc which was then placed on the slit. The powder was 
then exposed for an hour or so. To cut off the direct beam a lead-shield is 
used and is sliifted for a while at the end of each exposure to register the 
direct b^m. Wherever necessary the same sample was exposed for longer 
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periods using the Ni-filter. When the background showed general blackening, 
the filter was invariably used. The exposed films were all developed in Rodinal 
developer for 5 mins, at 18°C. 

The photographs show the Debye-Schen’er patterns in the form of con- 
centric rings. The inner and outer radii of the rings were carefully measured. 
The spacings corresponding to each ring were then calculated from A = 2d sin $ 
R 

where tan 2^ « ^ where R is the mean radius of the ring and D the substance- 
to-filra distance, and the other terms have their usual significance. 


Table III. 


Substance. 

Spacings 
(^aloiilated in A 

Reflooting 

planes. 

Remarks on 
intensity. 

Graphite ^ 

3-40 

(002) 

V.B. 

213 

(100) 


203 

(101) 

S. 

1*81 

(102) 

w. 

1-70 

(004) 

rn. 

1-55 

(103) 

w. 

J-23 

(110) 

s. 

M6 

(112) 

H. 

SiOa (Siiioa) 

4-25 

(100) 


4-25 

(010) 


3-35 

(Oil) 


(Alumina) 

1 

401 

401 

(100) 


(010) 


3-54 

(OU) 



3. Results. 

Several samples of vitrain have been subjected to X-ray and chemical 
examination and the results have been embodied in Tables I and 11. For 
comparative analysis of the different constituents of coal the vitrain, durain 
and fusain of Singareni Colliery have also been examined. The results of 
these and of the fusain of X seam Jharia are also entered in Table L 

All the diffraction pictures of vitrains as well os of the other constituents of 
coal exhibit a strong scattering at a small angle corresponding to a spacing 
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of nearly 12*3A which is probably due to the presence of a carbon complex of 
large molecular units. For the complete elucidation of this phenomenon a 
separate investigation into snxall-angle scattering would need to be carried 
out. The vitrains so far oxainined have two characteristic rings which corre- 
spond to the mean spacings 3'7--3*8A and 2*1-2*3A. The first ring is much 
stronger and sharper than the second ring. These spacings are analogous to 
the spacings 3*4 A and 2*1 A characteristic of graphite. The spacing 3*7-‘3*8A 
refers to the inter-layer distance between hexagonal networks of carbon and is 
in aocxjrdance with the fact that the minimum distance of approach between 
carbon atoms in adjacent organic molecules® lies between 3*4-3 *9 A. 

On careful scrutiny of the tables and the X-ray picture.^ it would appear 
that the characteristic diffraction rings of Rauiganj Series vitrains are distinctly 
broader than those of the same from the Jharia coalfield although they are all 
broaxler and more diffuse than the corresponding rings characteristic of graphite. 
This shows that the crystallinity of carbon is less perfect in these vitrains 
than in the graphitic carbon and as crystallinity matures with ago the vitrains 
from the Jharia field are older than those from the Raniganj field. This is 
evident on reference to column 8 of Table II. It seems probable therefore 
that the X-ray diffraction patterns may enable us to distinguish between vitrains 
of the Jharia and Raniganj fields. The examination of a larger number and 
range of specimens would be desirable. 

In general the interspaces between rings in pictures of vitrains belonging 
to the Jharia field are much clearer than those of the vitrains from the Raniganj 
field. An exception has, however, been observed in the sample from XII 
seam Alkusa (North and South), Diffraction pictures for vitrains Nos. 4 and 5 
possess other sharp but weak rings indicating comparatively high ash-content. 

This is in accord with the chemical analysis which also points to the 
comparatively high ash-content, high moisture and high volatile matter but 
low fixed carbon in the vitrains from the Raniganj field as compared with 
those from the Jharia field so far examined. 

The diffraction pictures for durain and fusain from Singareni Colliery 
are themselves distinctive. The picture of fusain from X Seam Jharia also 
differs from that of Singareni Colliery. The pictures indicate that the durain 
and fusains contain large percentages of ash. In durain the spacings 3-87A 
and 2-89A are due to Cu reflection, whereas the spacings 7-65A, 4*40A, 
2*61A and 2*36A refer to the a«h content and the remaining to the graphitic 
carbon. In fusain of Singareni Colliery the spacings 4*121, 2*6A, 2-35A 
are ascribed to ash while in fusain of X Seam Jliaria only 4*44A and 2*54A 
refer to ash, the remaining spacings in each case refer to graphitic carbon. The 
fusain of X Seam Jharia seems to possess a lower ash-oontent compared with 
that from Singareni. The ash-oontent of durain and fusain is mostly silica 
and alumina. This is in accordance with the data in Tables I and III. 

The ' work is in progress. 
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INDUCED BEACTIONS WITH ASCORBIC ACID AS INDUCTOR. 

By G, Gopala Rao cmd T. V. Sitbba Rao, Aiftdhra University, WdUair. 

(Communicated by Prof. N. R. Dhar.) 

(Received April 29 , 1941 .) 

Whenever the reaction between a substance A and the substance B brings 
about the reaction between the substance C and the substance B, then the 
first reaction is said to induce the second reaction. In the absence of A from 
the reaction system, the substance B does not interact with the substance 0 
under the conditions in which A interacts with B. But, when all the three 
substances, A, B and C are brought together, A and B react and tliis reaction 
provokes or induces the reaction between B and C. This phenomenon is 
called chemical induction. The reaction between A and B which occurs 
unaided is called the primary change and the reaction between B and C which 
does not occur in the absence of A is called the secondary change. An example 
will make this clear. Sodium sulphite (A) in dilute aqueous solution under- 
goes ready oxidation by iuteraetion with atmospheric oxygen (B), while 
sodium arsenite (0) does not undergo reaction with oxygen under the same 
conditions. According to the customary nomenclature, the substance A 
which induces the chemical change is known as the ‘inductor*, and the sub- 
stance B which takes part in both the changes is called the ‘acceptor*. 

A large number of reactions have been studied with sodium sulphite as 
inductor by various investigators. Only one reaction has so far been reported, 
where sodium sulphite acts as the acceptor. Gordon {/. Phys. Chern,, 1913, 
17, 47) and W. D. Bancroft (J. Phys. Chem., 1929, 33, 1188) suggested that 
the process of photographic development involves chemical induction. Verraa 
and Dhar (J. Pkys, Chem., 1931, 35, 1770) and Paudalai and Gopala Rao 
(Z. anorg. Chem., 1933, 215, 23) showed that in this reaction sodium sulphite 
acts as the acoeptoi. The primary reaction between the organic reducfer 
(such as hydroquinone, pyrogallol, p-amino-phenol, etc.) and the silver halide 
induces the secondary reaction, namely the reduction of silver halide by sodium 
sulphite. Pandalai and Gopala Rao have also been able to elucidate the 
mechanism of this induced reaction. Recently, Gopala Rao and Subba Rao 
{Qurma Science, 1941, 10, 24) have discovered another example where sodium 
sulphite acts as an aco^tor. They have found that the reduction of silver 
cUbrlde by ascorbic acid induces the reaction between silver chloride and sodium 

In the exami^eB of chemical induction referred to in the preceding para- 
we were concerned with two reducing agents and one oxi dfeing agent ; 

V0i4 ^ 
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one of the reducing agents acts as the inductor while the other reducing agent 
acts as the acceptor. The oxidizing agent is shared between the two. There 
is another type of ohamioal induction discovered by Dhar (/ . Ghent, 8qc,^ 
1917, lilt 690) in which we have to deal with two oxidizing agents and one 
reducing agent. When an aqueous solution of mercuric chloride is boiled with 
oxalic acid, there is no reduction of the mercuric chloride to the mercurous 
state. But if we add a small quantity of a dilute (N/10) solution of potassium 
permanganate, there appears a copious formation of mercurous chloride. Dhar 
has shown this phenomenon to be of quite common ocourrenoe. The primary 
change between the oxalic acid and the permanganate induces the reaction 
between the oxalic acid and the mercuric chloride. The phenomenon of 
chemical induction is of great importance. Dhar and collaborators (Dhar, 
Presidential Address, Eleventh Annttal General Meeting of the Indian Chemical 
Society f Jan. 4, 1935, Calcutta) have in a large number of publications elaborated 
the idea that biological oxidation processes involve chemical induction. They 
have demonstrated that various substances like glucose, fructose, cane sugar, 
tartrate, citrate, etc., which are not directly oxidized by atmospheric oxygen 
at ordinary temperatures, can be oxidized by passing air through aqueous 
solutions of these substances in the presence of sodium sulphite, or freshly 
precipitated ferrous, oerous, manganous or other hydroxides, all of which 
undergo oxidation readily. The results of Dhar, that (1) all sugars are readily 
oxidized to carbon dioxide and water by air in the presence of cerous hydroxide, 
and that (2) the oerous hydroxide employed acts as a simple inductor, have 
been confirmed by Ghosh and Rakshit (J, Ind, Ohem. Soc.^ 1935, 12, S&S) 
using the refined manometrio technique of Warburg. Ghosh and Rakshit 
also made the important observation that amino-acids retard the oxidation 
of sugars. This lends support to the theory of Dhar that proteins act as nega- 
tive catalysts in the oxidation of carbohydrates and vice versa in the animal 
body. 

There exist in the animal and plant tissues autoxidkable substances like 
glutathione, insulin, ascorbic acid, carotene, lactoflavine, cytochrome, etc. 
It is probable that these substances act as inductors for the oxidation of the 
metabolites, in the same way as sodium sulphite, oerous hydroxide, etc. It 
was, therefore, thought desirable to study a large number of induced reactions 
with inductors of biochemical significance. The study of such reactions and 
their mechanisms will help us in unravelling the mystery of life. 

It is with this aim that the present investigation with ascorbic acid was 
undertaken. Ever sinoe the isolation in the pure state of ascorbic acid by 
Szent Gyorgyi and the elucidation of its cK>iwtitution and synthe^ W. N* 
Haworth and oo-workers, it has been a compound of much absorbing interest 
to ohen^ts and biochemists. The constitution of ascorbic acid as givmi in 
I) is now generaUy accepted IMS correct, 

XO0. ■' 
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CH20H--CH-^0H*C-C0-CH--C « O 

i Jh 


I 


This enolkes in solution into font) (II) 

0 

CHsOH-CH-OH-C-C = C-C = O 

I I I 

H OH OH . . II 

The hydroxy groups attached to the doubly linked carbon atoms have the 
remarkable property that they are both capable of easy dehydrogenation 
(oxidation) and stepwise dissociation into H+ ions. Ascorbic acid is capable 
of reversible oxidation and reduction according to the equation. 

I O- ~| 

OHjOH.CH.OH.C-C = C-C = 0 

I i I 

H OH OH 

11 

CH 2 OH.CH.OH.C--C--.C-C = o 

I II 

H 0 0 +2H^+2« .. in 

Ascorbic acid thus easily passes into dehydroascorbio acid HI by losing two 
hydrogen atoms; and the reaction can be easily reversed. We conceived the 
idea that this property of ascorbic acid will make it an excellent inductor for 
several reactions, including those of biochemical interest. 

W© found that ascorbic acid works as an excellent inductor for the reduo* 
tion of silver chloride by sodium sulphite. Under the conditions of our ex- 
periments sodium sulpWte does not reduce silver chloride, while ascorbic 
acid does so readily. But when ascorbic acid and sodium sulphite are present 
togeth^, a given amount of ascorbic acid produces a much larger reduction 
of the edlrer halide than when it is alone. The results of this investigation 
eae preaented in detail in this paper. 

Exmbimkntal. 

The asoorhtc acid employed in the present investigation was the synthetio 
product impplied by^ Drug Houses, Ltd. The other chemicals such 
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as sodium sulphite, silver nitrate, potassium chloride, etc., were of Merck's 
A.E. quality. 

The experiments were conducted in brown bottles and silver chloride 
was formed in situ by adding to each bottle 10 ml. of silver nitrate and 
10 ml. of OdiV potassium chloride solution. The requisite volumes of sodium 
sulphite solution and ascorbic acid solution were then added, followed by 
enough distilled water to make up the total volume to 50 ml. After three to 
three and a half hours, the contents of each bottle were poured through a filter 
(Whatman No. 42, for fine precipitates). The residue on the filter was carefully 
washed until free from the soluble salts. The funnel with the filter ia tl^n 
put over a 250 ml. volumetric flask and the residue on the filter treated w'/^/h 
1: 1 dilute analytical nitric acid. The corresponding brown bottle was also 
treated similarly and the liquid poured on the same filter. The treatment was 
repeated three times to enmire complete solution of any metallic silver formed 
by reduction. It is well known that silver chloride does not dissolve in 1:1 
nitric acid. The filtrate in the 250 ml. flask was made up to the mark and the 
amount of silver in an aliquot portion estimated volu metrically by titration 
with standard potassium thiocyanate solution, using ferric alum as the 
Indicator, 

In the following table are recorded the results on the influence of time on 
the reduction of silver chloride by ascorbic acid. 


Tablb I, 

5 ml, of ascorbic acid (5 mgms,). 


Time. 

Amotmt of AgCl in 
terms of mgms. Ag. 

Amount of Ag 
obtained by 
reduction, in mgms. 

1 hour 

107-9 

1-18 

2 hours 

1079 

2-05 

3 hours 

107-9 

2-26 

4 hours 

107-9 

2-26 


It will be seen from the above table that the reaction is complete in three to 
four hours. Experiments have been made to see if sodium sulphite alone can 
reduce silver chloride with negative results. Even by mioroohemical qualitative 
tests we could not demonstrate any reduction of silver chloride by sodium 
sulphite. The results in the following table show that in the presence of 
sodium sulphite a given amount of ascorbic acid produces a much larger reduce 
tion of ti&e silver haMe than when it is alone, 
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Tablb II. 


Experiment. 

Time 3| hrs. 

Total volume 60 ml. 

Amount of AgCl 
in terms 
of rngms. Ag. 

Amount of Ag 
obtained by 
reduction in mgms. 

10 ml. of Na^SOj (0'026 Molar) . 

107-9 

Nil. 

5 mgms. of asoorbio acid 

107*9 

2*28 

5 mgms. of ascorbic acid 
+ 10 ml. of NajSOs (0*026 



Molar) 

107-9 

904 


The resiiltfl itidicate tJiat ancorbic acid induces the reduction of silve^r chloride 
by Bodium Hulphite. The primary reaction between silver chloride and the 
organic reducer aacorbio acid provokes the secondary reaction between sodium 
sulphite and the silver chloride. Hence asc^orbic acid is the inductor, sodium 
sulphite is the acceptor and silver chloride is the actor, according to the tiomen- 
olature mentioned in the introduction. 

If we now vary the concern tration of the acceptor, keeping the concentra- 
tion of the inductor constant we find that the rate of reduction of silver chloride 
increases. This is shown by the results in the following table. 


Tabls III. 


5 mgms, of ascorbic acid. Time of experiment 3J hours. 


Volume of Na^SOs 
solution. 

(0*026 Molar). 

Amount of A^l 
in terms of 
mgms. Ag. 

Amount of Ag 
obtained by 
reduction in rngms. 

0 

107-9 

2*88 

6 ml. 

107-9 

6*26 


107-9 

904 

16 ml. 

107-9 

9*71 


If we keep the oonoentiration of the acceptor (Na 2 S 03 ) constant and vary the 
concentration of the inductor (ascorbie acid) then also the rate of reduction 
of chlciride is iiu^reaaed^ as shown by the results in the following table. 
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Table IV. 

Total Volume 60 ml. Ooueentration of Sodium sulphate 0*06 Molar. 


Amount of ascorbic acid. 

Amount of AgCl in 
terms of mgms. Ag. 

Amomit of Ag 
obtained by 
reduction in mgniH. 

(3 hrs.) 

6 mgms. 

107 9 

7-08 

10 mgms. 

107-0 

12*13 

16 mgms. 

107-9 

17*00 


Influhnoe of pH. 

In the following experiments 2 ml. of N/2 silver nitrate solution and 2 ml. 
of N/2 potassium chloride solution were addM to each brown bottle, then 
40 ml. of the requisite buffer solution followed by 1 ml. of ascorbic acid solution 
(containing 6 milligrams per ml.) and enough water (6 ml.) to bring the total 
volume to 60 ml. The bottles were kept in the thermostat for three hours with 
occasional shaking. At the end of three hours the contents of each bottle 
were analysed according to the method already described for determining the 
amount of silver formed by reduction. 

In another series of experiments the reaction was allowed to proceed in 
the presence of sodium sulphit/e. The bottles were set up exactly as described 
above, but with the addition of 6 ml. of N/10 sodium sulphite solution in place 
of 6 ml, of water. 


Table V. 
Influence of pH 


pH 

Milligrams of silver formed by reduction. 

With ascorbic acid alone. 

1 

With ascorbic ocid+sodium 
sulphite. 

4-047 

2-23 

2-83 

7-0 

3-S3 

6*64 

8-0 

1 

3-98 

6*22 


From these results it is evident that as the pH is increased (as the reaction 
of the solution is made increasingly alkaline) the reduction of silver salt by 
ascorbic acid is facilitated. Even in the alkaline solutions there is greater 
reduction in the presence of sodium sulphite than in its absence. The influence 
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of sodium sulphite in increasing the amount of silver formed by reduction is 
thus due to a true induced reaction and not merely due to its capacity to raise 
the pH of the solution slightly. 

Discussion of Rbsums. 

From our reetilts it will be seen that silver chloride can be reduced to 
metallic silver by ascorbic acid. In this property ascorbic acid resembles 
hydroquinone, pyrogallol, p-ainino-phenol, etc?. The reduction is greater in 
alkaline than in acid pH. If we represent the organic reducing agent as AHg, 
the reduction of silver chloride can bo representetl as 

AHx-f-^AgCJ — > A^2Ag^2R0l 

It is more rational to express oxidation-reduction processes in terms of 
transference of oleotrons. Ascorbic acid undergoes reversible dissociation. 

Alla A©©+2H+ 

A©©+2Ag+->2Ag+A 

The silver ions take up electrons from the anion of the reducing agent and are 
reduced to metallic silver. 

Ascorbic acid can be regarded as a dibasic acid undergoing reversible 
dissociation represented by the following equation : — 

0-^ 

CHjOH.CHOH.C— C - O-C » O 
il OH in 

II. 



CHjOH.CHOH.C— C— t;— C = O 

I 

H 0©0® +2H+ 

or simply 

AH* ^ A©©+2H^ 

This ionization will be favoured by an alkaline pH, for then the 
ions combine with the OH" ions to form undiasociated water. We have a 
higher concentration of the anion of the organic reducer in alkaline than in 
add pH. Hence the following reaction resulting in the reduction of ionic 
Ag*** to metaJlio silver occurs more readily in alkaline than in an acid pH. 

A^^+2Ag^ ►A+2Ag 
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Our resulte show that the amount of silver obtained in the presence of 
sodium sulphite is much greater than in its absence. We may conclude 
in the customary nomenclature that the reduction of silver halido by ascorbic 
acid induces the reaction between silver halido and sodium sulphite wliich 
normally does not occur. To investigate the mechanism of this induced 
reaction, we have made experiments to study the influence of dehydroasoorbic 
acid on silver halide. We have found that while dehydroasoorbic acid is 
unable to reduce silver halide by itself, it can do so when sodium sulphite is 
also present. These results suggest the following reaction : — 

A + Na2S03 + H£0 ——4* AH$ + Na2S04 

Dehydroasoorbic Asoorbio 

acid acid 

Ascorbic acid by itself can reduce silver halide to metallic silver, becoming 
itself oxidized to dehydroasoorbic acid, 

AHs +2AgCl — ► AHs +Na£S04 
A -f'Na2S03 ► AHg ‘-f-Na£804 

Dehydroasoorbic 

acid 

The sodium sulphite regenerates the ascorbic acid from the dehydroasoorbic 
acid. Thus in the presence of sodium sulphite a given amount of ascorbic 
acid produces greater reduction than in the absence of sodium sulphite. 

The dehydroasoorbic acid used in our work was prepared by the catalytic 
oxidation of ascorbic acid in the presence of dilute acetic acid with Norit 
charcoal os the catalyst. 

Perhaps our view explains the results of B.I. Tanovskaya {Voprosui 
Pitani^, 1935, 4, 51) who found that the process of sulfitizing black currant 
juice for storage seemed to preserve th(5 vitamin C activity, which was lost 
in the untreated, stored juice. 8, N. Matzko (ibid., p. 59) found that the 
expressed juice from cooked, dried, white cabbage, which had been sulfitized 
for storage protected guinea-pigs from scurvy. 

Ascorbic acid is easily oxidized by atmospheric oxygen in vUro. Yet the 
vitamin occurs in its reduced form in the plant and animal tissues, a fact 
which is attributed to the presence of stabilizing substances which reduce the 
auto-oxidation to the minimum. To the authors it seems that it is more 
rational to assume the presence in living tissues of reducing mechanisms 
through which the oxidized form of ascorbic acid, the dehydroasoorbic acid, is 
converted by reduction to ascorbic acid. P. G. Hopkins and E. J. Morgan 
{Siochem^ J., 1930, SO^ 1446) and H. Borsook and C. E. P. Jeffreys {Science^ 
1930, S3, 397) find that glutathione can reduce dehydroascorbio acid, 
Hopkins and Morgan bdieve that the reduction of dehydroascorbio acid to 
ascorbic moid is catalysed by the enzyme, ascorbic odd oxidase. According 
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to Borsook and Jeffreys the reduction of dehydroascorbic acid by glutathione 
can be rapidly effected by glutathione, when it is present in concentrations 
of 100*200 mg. per cent. The failure of previous workers to find any 
significant amount of reduction is attributed by Borsook and Jeffreys to their 
having worked at a low and without sufficient excess of glutathione. 
Z. I. Kertesz (Biochern. J., 1938, 021) found that the rate of reduction of 

dehydroascorbic acid by glutathione at pH 7-4 was slower than the rate of 
oxidation of ascorbic acid. Contrar}' the findings of Hopkins and Morgan 
he did not observe any catalytic effect of ascorbic acid oxidase (from cue umber 
and caulifiower juice), on the rate of reduction. He observed that glutathione 
does not inhibit the oxidation of ascorbic acid at pH 6-0, while it does so at 
pH 74. 

Jorisseii (Chem, Weekblad., 1931, 337) staled that the induced oxidaticni 
of lactic acid by air can be effected by using sodium sulphiUj as inductor. 
Jorissen and Belifante (Eec, tra, Ohirn.^ 1935, 374) found that in dilute 

buffered solutiotis at 30“, the oxidation of lactic acid is induced by the slow 
auto- oxidation of glucuronic acid or ascorbic acid. They also found that 
ascorbic acid induces the oxidation of arsenito. In each case, the amounts of 
oxygen taken up by the inductor and acceptor are nearly the same. They 
believe that their results are of significance in the treatment of cancer. The 
ingestion of ascorbic acid may facilitate the oxidation of lactic acid in tumours, 
thus keeping the tumour from developing. 

P. Holtz (Naturwiaaemchaften, 1937, 24, 14) found that on passing air or 
oxygen through 10 ml. of an aqueous solution of 200 mg. of histidine and 
50 mg. of ascorbic acid in neutral reaction and at body temperature, the 
resulting deep brown solution exhibited the physiological effec^t (blood 
pressure drop) of ly histamine per ml. The author suggests that in the 
presence of ascorbic acid, liist amine is formed from histidine by decarboxylation 
as well as deamination. We are inclined to believe that this is a case of 
induced reaction. 

Holtz {Arch, Path. Phammkol, 1936, 1S2, 98) alsf) foinid that ascorbic 
acid strongly accelerates the auto-oxidation of linstn^d oil. It may also be of 
interest to note here that Lemberg, Cortis- Jones and Norrie (Biochem, J., 
1938, 149) have shown that ascorbic acid and h^iematin undergo coupled 

oxidation in dilute pyridine solution. Pyridine -haemochromogen catalyses 
the oxidation of ascorbic acid, which is not autoxidizable under these conditions ; 
and ascorbic acid induces the oxidation of haematin to verdohaematin, a 
bile pigment iron complex. The main product of the oxidation of ascorbic 
acid is dohydroasoorbio acid. 

The above discuseion will indicate the interest t hat is attached to reactions 
induced by ascorbic acid, and the need for further work in this field. 

In conclusion, the authors desire to express their profound thanks to 
Prof. N. R. Dha^*, D.Sc., Dr. es, Sci., F.I.C.. LE.S., of Allahabad for his kind 
interest in this investigation. One of us (T.V.S.R.) is grateful to the authorities 
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of the Andhra University for the award of the Dr. C, R, Reddy Research 
Fellowship in chemistiy . 

Summary. 

1 . We have found that ascorbic acid induces the reaction between sodium 
sulphite and silver haiido. This is one of the few reactions in which sodium 
sulphite acts as an acceptor. 

2. Dehydroascorbic acid cannot by itself reduce silver halide, whereas it 
can do so in the presence of sodium sulphite. 

3. The mechanism of the induced reaction is discussed. 


Phymco-Chemicai Laboratorioa, 
University CoIJego of Science and 
Technology, 

Andhra University, Waltair. 



WHITE DWARF AND HARMONIC OSOTLLAI’OR, 


By F. C. AuLircK, lyyal Singk Colkge, Tjahme. 
(Communicated by Dr. D. 8. Kotliari.) 


(Rmd January 1, 1942,) 


StTMMARY. 

As is well knowii» the cold stolla-r bodies, viz. white dwarf stars aticl plauets, have pro- 
vided one of the moat fertile fields for the application of the new Quantum Btatiaticn. 
It was realised that under certain simplified conditions, the state of an electron inside a 
cold stellar moss could be represented 1>y the wave-functions of a simple harmonic oaoillntor 
and a further development of this idea led to a disoiiasion of the usual (i.o, non -relativistic) 
and the relativistic harnjonio oscillator subject to artificial -boundary conditions. The 
fundamental formula of the white dwarf theory has been derived from the standpoint 
of the bounded oscillator. When the relativistic tlieory of tlie oscillator is used, it is found 
that, for a mass exceeding a critical mass Afo. the ratlins of the equilibrium configujation 
tends to vanish. 


1. Introduction . — The fundamental inasH-radiuH relation of the wliite 
dwarf theory, first given by Milne (1932), is 

'•> 

wht^re JjQ is the characteristic length of the white dwarf theory, 




IJQ ■ 




^ 018x108 cm . 


and ax is a numerical constant,* 



4*612 


( 2 ) 


(3) 


|xo denotes the mean molecular weight per free electron, m is the mass of the 
proton, and the other symbols have their usual meaning. If the stellar 
material be assumed to be composed of an element of atomic weight A and 
atomic number Z, then because of complete ionization (in accordance with 

A 

the theory of pressure ionization) ^ ^ . 


0 

* is a constant oharacterbUo of the Emdon solution of Kmden’B equation of 

btdaz {; a*‘ » 18S'89. 
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It will be noticed that in the expresaion (1), the dependence of the radius 
R on the chemical nature of the material is through the ratio A fZ and 

therefore so far as the coinponition of a white dwarf is concerned, we need 
distinguish only between hydrogen (AjZt 5 = 1) and non-hydi'ogen elements 
(for which AjZ is approximately 2 except for for which it is I '5). For 
any assigned mass, the computed radius given by (1) will vary between two 
limits, the maximum being for /io 1 hydrogen) and the minimum for 
fi 0 vs 2 (no hydrogen). It is a significant fact that the observed radii for all 
the known white dwarfs lie between these two limits. In fact the observed 
radius can be made to agree exactly with the theoretical value by assuming 
a suitable proportion of hydrogen and non-hydrogen elements. If the pro- 
portion, by weight, of hydrogen, He®, and other elements be x, and 1— rr— jy, 
respectively, then fXQ for the mixture is easily seen to he, 

6 

or ignoring HeS 

2 

•• 

Thus, if we take the case of Sirius B, for which the observational data are 
most reliable, the observed radius, as was first pointed out by Mitra (1932), 
agrees with the calculated value for po as 1-2, i.e. a; as J or about 70% by 
weight of hydrogen, 

A couple of years ago, this result was considered satisfactory but the 
recent work [Kothari (1938), Wildhaok (1940)] on the energy-generation inside 
white dwarfs has made it imperative to abandon, for them, the hypothesis 
of hydrogen-abundance. A white dwarf star cannot contain any appreciable 
amount of hydrogen, for otherwise the energy generated in it due to the protbn- 
proton reaction (Hi+Hi~>H*4-I7) will be tremendously large compared to 
its observed luminosity. In fact, at the present moment, the problem of 
white dwarfs constitutes a serious dilemma: for, (i) if hydrogen-abundance is 
assumed to make the observed radius agree with the theoretical value, then 
the computed luminosity will be in violent disagreement with the observed 
value, and (ii) if no hydrogen be assumed so as to reconcile the observed and 
the theoretical luminosities, then the radius given by formula (1) is smaller 
than the observed value by a factor comparable to 3. 

No satisfactory solution to resolve tWs dilemma has so far appeared, 
Bethe, though realising that it is very unlikely, has suggested the possibility 
of a flaw in the theory of energy-generation, whereas Gomow and Kuiper 
consider that there is a chance of the observed radius being in error. The 
third alternative, that the formula (1) is faulty, can also be dismissed as 
extremely unlikely. All the same it seems worth while to examine, if possible, 
the basic* formula (1) from a point of view different from the usual one. 
An instmctive treatment, differing from the usual derivation, is provided 

IB 


( 4 ) 
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by realising that tho motion of an electron inside a white dwarf can be 
represented under certain assumptions as that of a simple harmonic oscillator. 

2. Free-odcillator avd the. white duxirf star * — In a way the connection 
between an oscillator and a white dwarf should appear natural enough, for 
crudely speaking it depends on the elementary result, that a particle moving 
inside a friotionless tunnel passing tlu*ough a spherical mass and subject to the 
gravitational force is oscillatory. This crude physical picture has to be trans- 
lated in terms of wave-mechanics, and account must also be taken of the 
electrical field set up in the ionked material constituting the white dwarf star. 

Let U8 consider, for siinplieity, n model of uniform density. As pointed 
out by Roseland, an electrical field is set up in a star which prevents any 
appreciable separation between the free electrons and the atomic nuclei, and ifl 
the case of a model of uniform density we have 


Am = 0 f , 


or 


seen that 


and therefore from (5), 


t; =c — 


ev = . . 

. . (5) 

> the electrostatic potential 

both measured 

= 0. For a sphere of uniform density it is 

QM j. 

. . (0) 


(lomf/GM. . 

2e i?* • 

. . (7) 


The Sohrodinger equation for an electron inside a white dwarf will he 

(8) 


♦ This section is based on Kothari (1940). By free-oscillator is meant a simpJo 
harmonic osoiUator subjet to the natural boundary condition 0 es r op. Tho artifi- 
cially bounded oaoillator is considered in the next section. 

t The atomic nuclei, because of their large mass, behave as a non- degenerate gas, 
though the free electrons oonatitvite a tlegenerate gas. The distribution of the miclei 

-XT 

wiU, therefore, follow tho Boltzmann Law N ^ where N© is the conoentra- 

tion for r 0 and H, tho oonoontration at a distance r; y is tho potential energy of the 
particle at r (;f denotes the work done in carrying tho particle from r ^ 0 to r). For 
tmiform distribution the variation of N with r should be negligible and hence x must be 
®ero. When electrical and gravitational fields both ore present, the gravitational i>otential 
energy is u and the electrical potential energy is being the charge of the 

nucleus. Therefore ^ ^ Am 

4 At the boundary of the white dwarf, the electrical potential will l)e 

“ 2JS ’ 

i^e. it is of the order of 10< volts. 
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where W is the eigen- value of the energy. Substituting for u and we obtain 




where 


GM 

« — (tnijf . 


^ - 0 , 


.. (9) 


•• ( 10 ) 


This is the well-known equation of a harmonio oscillator and its eigen-values 

, . hU\h/ . 1 \ . . 


are given by 


'/ 2w 




where q is any positive integer including 


zero. The number of independent wave-functions associated with the eigen- 
value is whore [ 7 (=a 2) is the weight factor. 

In the degenerate case, because of the exclusion principle, all levels from 
g as 0 to g sss will be completely filled whore will depend upon the total 
number of electrons and will be defined by 




„ _ / V 
*0 


.. ( 11 ) 


Identif 3 dng with the radius of the star, the ‘ amplitude ’ of th<^ oscillator corre- 
sponding to the energy we have 

<'"> 

Substituting for a we obtain for the maximum energy 


2.rh^ 


(i:i) 


and the mass-radius relation, 



where Lq is given by the relation (2). Equation (14) is the fundamentfd 
equation of the white dwarf theory and it is indeed satisfactory that a view- 
point, widely different from the usual theory, gives a relation which agrees 
with Milne’s formula (1) except for a somewhat different numerical factor. 
In the case of Sirius B, the calculated radius from the above relation comes 
out to be*, for po ” 2 (no hydrogen) 1-6 x 10® cm. This may be compared with 
the vaiue 0*8 x 10® given by Milne’s theory. The observed value is 2 x 10® cm* 
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3. Arii>^ialhj -hounded oscillator, — ^I'he above inveHtigation in, however, 
admittedly rough and needs to he refined in many ways. For example, the 
effect of olootron oolliHions should bo taken into account and this could be done 
on lines similar to the theory of diamagnetism of metals. Perhaps a more 
serious objection is the use of the equation (12) in a wave-mechanical treattnent. 
The value of taken in the theory oorresponds to that of a free- oscillator 

whose wave-function ip satisfies the boundary 0 as r oo whereas the 
equation (12), introducing as it does a classical con<3ept of amplitude, assumes 
that the electrons do not go beyond the stellar boundary r «= i?. Though 
equation (12) is plausible, still the underlying physical incompatibility betwetni 
its L.H.S., which is interpreted in terms of quantum mechanics, and the R.II.S., 
which admits only a classical description, is obvious. The very idea of a 
boundary at a finite distance is foreign to the usual theory of the oscillator. 
It is evident, therefore, that for a complete wave -mechanical treatment of the 
problem, we must consider the wave-function of the oscillator subject not to 
the natural boundary condition i// - > 0 as r oo but to the artificial-boundary 
condition ^ » 0 at r = i?. 

The significance of an artificial-boundary condition was not appreciated 
till very recently. The treatment of an oscillator subject to an artificial 
boundary condition has been given in two papers by the author (1041)*. It 
is interesting to note in this connection that, during the last three years, 
Sommcrfeld (1938, 1940) and his collaborators have discussed the Kepler 
problem and the rotator subjected tt) artificial boundary conditions. The 
results of the Kepler problem are significant for the theory of pressure ionization, 
and in fact it was the possibility of this application tliat led Sommcrfeld and 
Welker (1938) to introduce the artificial- boundary conditions for the hydrogen 
atom (Kepler problem). 

It need hardly be remarked that the generalized study of the oscillator 
undertaken in the papers referred to has, besidc.s astrophysical applications, 
its own intrinisio interest. 

The Bchrodinger equation for a linear oscillator f ia 

<**' 

1 

where m is the mass of the particle and its potential energy for a diaplace- 
uient X, the proper frequency vq being defined by 




♦ These papers will be refeired to as AI and All respectively, 
t For a detailed teeatment see Auluok, 1941. For the sake of oompleteness results 
relevant to the present paper are given here. 
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The equation (16) can bo written in the form 

( 17 ) 

where 

w, = H (»+y , (18) 

and 

2 as (awi)^x. . . (19) 


The nat ural boundary condition is */5r ->0 as d: and for this mse nisa jtosi- 
live integer including zero, and tft is a Herinitian function. For the ground state 

the energy Wq is for the first exeit<xl state ITi = ^^*^0 and so on. 


When we impose the artificial-boundary condition =s0at;r sw d: 4» 

A 

energy of the stationary states depends on I and is no longer given by 
integral values of n in fornnila (18). It increases with increasing I and tends to 
the asymptotic formula 




8wJ* ’ 


.. ( 20 ) 


To take a particular example, consider the ground state (q « 1) — ^similar 
results with obvious modifications will of course hold for the higher excited 
states. Though strictly the eigen-value of the energy for the ground state is 

gAro, only when the boundary is at infinity (l->oo), still the difference from 

this value is less than 5% so long as />3Uo whore ^0 is defined by 



In the other extreme case when I is very small compared to Zq, the energy 

A* . 

approximates to Our discussion therefore assigns, as if it were, a ‘size* 

to an oscillator which for the ground state is comparable to 31o. The eigen- 
value will be practically ^Hvq only, so long as the oscillator is not vonfined 

within a space less than but when it is restricted to a smaller space, the 
energy will depend upon the dimensions of this space,’*' 


* It would bo of mteres(t to note here that, for the Kepler problem, Soiamerfeld 
Welker (19X8) found tliat the eigen- value of the energy bc»eovnes ponHve when the radlue 
‘o’ of the^ephore enclosing the hydrogen atom aiul constituting its artifioied boimdary 
booomfcj less than 1885 being the radius of the first Bohr orbit. 
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4. Bov/nded osciUcUor and the white dwarfs , — We now return to the applioa* 
tion of the oscillator to the white dwarfs. It has already been seen that if all 
energy levels from q =» 0 to g = go completely tilled then 



As already remarked, the solution of the oscillator equation subject to an arti- 
ficial-boundary condition gives a relation between energy and the position of 
the boundary for the different states. Figure 1 shows this relation in a quali- 
tative way — the ordinate represents which corresponds to the position of 
the boundary. 



The boundary occurs at x 


± ^ and 2o is defined to be 

A 




I 

k 




.. ( 22 ) 


The abscissa^ instead of representing direct energy, denotes n which is connected 
with the energy by the usual relation Wg = hv^ (^*^ 2 ) curve marked 


g as I is for the ground state, those marked with g « 2, g «= 3, etc. are for the 
suecesaive higher states. 

Every curve has two asymptotes — ^the axis sq « 0 being the common 
asymptote for all of them. Th<i> other asymptote is diflerent for the different 
curves. For the groimd state it is n «= 0» for the first excited state n » I, 
and for the gth exoited state n g. Consider a line PQ represented by 3:0 
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Zo ^i.«. 


boundary placed at x 


will bo PAotPAit PA 2 • 


Ab we seek 


A being a constant. Then the eigen- values for the different states, in the case 
of the oscillator which is subjected to the boundary corresponding to the 

value A for Zq ^i.o. boundary placed at a: = ± will bo PAo,PAit PAa .... 

and let PX be the value corresponding state. For a given mass Af , the 

value of go is already fixed and is given by go = ( j ^ . As we seek 

XfXomn/ 

to determine the configuration of least possible energy, we note that the mini- 
mum value of PX is obviously OA = go (corresponding to the asymptote « = go). 
The interval AE is cut by all curves before g©, i.e. it has go-*l cuts. Any 
value of A greater than AR will have the same go— 1 cuts but ylP is the minim um 
value to possess these number of cuts. The value A, so that the interval 
AR ( « A) will possess g© — I outs and no more, is easily given by applying 
Sturm’s theorem to the oscillator equation (17) and remembering that our 
boundary positions correspond to the zeros of the equation (17). Since n ^ Qq, 
for go — 1 zeros to lie within the interval So sk 0 to So — A we must have 


or 

A>2V'%. (23) 

as go is large. After substituting for go and identif 3 Hing I with 

wo finally obtain, 

*>(“)' (§y 

Instead of the equality (14) which is obtained in the semi-classieal treat- 
ment, we have hero obtained the inequality (24), and this need cause no surprise ; 
for, what the exact treatment here presented determines, is not the radius of 
the star but the distance at which the artificial boundary (wholly impermeable 
to the electrons) can be placed. Naturally, to be consistent with the data of 
the problem, the boundary could be placed anywhere but not inside the star, 
for otherwise it will exclude some of the electrons, whereas by hypothesis we 
obtain those possible positions of the boundary which will include all the 
electrons. 

5. Rektimstic bminded oaciilotor.— So far our treatment has been com- 
pletely non-relatiristio and, though for most of the known white dwarfs and 
especially those for which the observational data are most reliable, the rela- 
tivistic effect is negligible, still for the sake of completeness, a complete rela- 
tivistic treatment of the oscillator is also desirable. The condition, for which 
the rektiVSstic effect will bo appreciable, can easily be found with the help 
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m 


ot ihii equation (13). For the relativistic (sorrection to be .sig[niiioant, 
Hhould become comparable to mc^ and thus we have Wa > 


where 


M > 3fo, 


8 ^. 3 ^/ ck ) 


l^he relativistic effect will be important for masses comparabU' to Mq and can 
be neglected for masses fairly smaller than this, 

The relativistic oscillator, oven for the natural boundary condition, has 
so far received scanty attention [Nikolsky (1930)]. In the paper A IT, the 
problem is studied using Schrodingor’s relativistic equation subject to an arti- 
ficial boundary condition. Some representative eases have been numerically 
worked out. As in every relativistic treatment, the negative energy states 
occur here as well. One rather signiGcant point (also found by Nikolsky who 
worked with Dirac’s equation but using only the natural boundary oonditiern) 
is that, for tlie boundary at infinity, stationary states for the oscillator do not 
exist. In fact the stationary states for an oscillator, taking effect of relativistic 
me(jhanio8, have been obtained, for the first time, in paper A II by imposing an 


artificial boundary condition. Even when ^ 


is very small (i.o. tending 


to the iion-relativistic case), the curves between i and Zn, given by the rela- 

hVQ 

tivistic trimtinent, differ in a most important respect from the ciorrosponding 
curves given in paper A I. The non-relativistio curves (i.e. the curves given 

W 13 5 

in paper A I) have asymptotes ^ === r>» 2 ’ o’ given by 

the relativistic treatment, though they run nearly parallel to tlie non -relativistic 
curves for sometime, finally, for sufficiently large values of cut the Zo-mm 
and then continue their run to negative energy- values. In the relativistic^ 
treatment, it is only a bounded oscillator which has stationary states though 
the boundary can be placed at a considerable distance but never at infinity. 

The inspection of the curves in the figures III and IV of paper A II shows 
that, in the relativistic cose, if we seek the lowest energy configuration for a 
large number of oscillators (corresponding to the large number of electrons 
inside the star), then it will correspond to zerc^-energy- value fVjr all the osoillatorH 
because all the curves (for the ground state and the higher excited states) 
cut the ZQ-axis. It will also be seen that the minimum value A of Zq such that 
a given number of curves will cut the zo-axis in the interval » 0 to Zq «: A, 

heoomes smaller and smaller as becomes larger and laarger, and finally 
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when 2 ^^ which corresponds to the completely relativistic ease, A-^0.* 

We therefore verify » in a most interesting way, the Stoner-Chandrasekhar 
oonoluHion of the white-dwari* theory, that when the relativistic effect is 
dominant (i.e. the average energy of a particle is very large compared to its 
rest^-mass energy), the radius for the equilibrium configuration tends to vanish. 
From what has been said before, it follows that the critical mass beyond which 
the equilibrium configuration will sink to a vanishing radius will be comparable 

^ ifo 1^*26 

0“^7- 

It is a pleasure to express my thanks to Dr. D. S. Kothari for his help 
and interest in the preparation of the paper, 
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♦ Tins result holds good also for a couOguration for any non-aero value of the energy. 



DEGENERATE G^S AND THE MOTION OF A 1>AETTCLE 
IN A UNlFOliM FIELD. 

By D. 8. KoTiiAEii and F. ( Aumjck. (hiimmity of Ddhi. 


(Read Janmrij 1942,) 

AnSTllAOT. 

The density dustribution for ft completely degenerate Fori ni- Dirac gan in a uniform 
fieM is obtained (i) by using the thermodynamical theorem connecting Oibh^a free energy 
and potential, and (ii) directly from the wave-equation of a particle in a uniform field 
and subject to the appropriate boundary condition. The two results are, of course, 
identioal. The meaning of degeneracy fconqiemtim^ for a Fermi -Dirac gas in a field of 
force is discuased, 

1. The present paper deals, troin two different pointH of view, with the 
density distribution in a Ferrni- Dirac (non-relativistic) degenerate gas placed 
in a uniform field of force, 'fhe starting point in section (2) is the expression 
for Gibb’s free energy for a Ferrni-Dirao gas in the absence of the field and 
then the distribution in the presonce of the field is determined with the help 
of the well-known thermodynamical theorem connecting the difference in 
Gibb’s free energy with the difference of potontiaL In section (3), the wave- 
mechanical problem of a particle, moving in a uniform field and subject to 
appropriate boundary conditions is considered. The eigen- values for the 
energy of the stationary states arc determined, and the number of independent 
wave-functions corresponding to eigen-values less than any assigned value is 
found. The density distribution for a cjompletely degenerate gas is then 
easily obtained. The final results of the two sections are, of course, identical.i 
Section (4) deals with the degeneracy-temperature (T^) for a Fermi-Dirac gas 
placed in a field of force. 

The de^erteriicydefn^Tuture iveremes loith the JIM Mrength and' the toted 
number of particles. The physical meaning of the dogeneraoy-tomperature 
(T^o) i®* fbat the gas is degenerate if its temperature is low compared to Tq, 
and is non-degenerate if its temperature is large compared to Tq. 


* T^ft interest of the problem partly lies in the faot that recently two alternative 
derivations — one based on the pressure of a degenerate gas and the other using the idea 
of a harmonic osciUator™-for the fundamental mass-radius relation for a white dwarf 
have been given. The final results are identical except for a numerical factor of the 
order unity. In the white dwarf theory several simplifyitig assumptions are to be made 
to make the problem amenable to two alternative treatments. The simple problem taken 
in ^tsa paper has the merit that it permits of an exact treatment in both the oases. 

VOL. Vni"-Kb. 2. 


[Published June Ifith^ 1942. 



1>. 8. KOTHARI & F. 0. AlJliUCK : BKCiENKRATK GAS AND THE 


lo8 


2. I^et UH consider an assembly of Fermi-Birac particles at k^mperature T 
and occup 3 dng a field-free region of volume V. The number of wave- functions 
for a particle, when its kinetic energy lies within € and c+dc, is 

«(f)de = ^(2w)* T'e** (1)1 


where m is the mass of the pai*ticle, g its weight factor, and h is Planck *8 
constant. If n(€) de represents the number of particles per unit volume of the 
assembly and having their kinetic energy within the range c to e-fdc, the 
distribution law is 


F. n(€) de 


rt(€) de 


1 c/A-r 


+1 




and 


Vnt 


a(€) de 






n being the concentration. A is called the ahsoltUe activity. 
energy pei* particle is connected with A by the relation 


( 3 ) 


The Gibb ^8 freci 


l^kTXogA ( 4 ), 

For the completely non- degenerate ^ or clmsical case 0), 


, f , ^ , nh^ 

^ 

and for the completely degenerate case (4 oo) 

m 

^ 2m\4:7rg) 

We shall now considtjr the gas plaotni in a field of force directed along 
the ;r-axi8 which we shall suppose to be vertical. The density distribution of 
the gas is, then, given by the well-known thermodynamical theorem 

“ W(xx, x .^) , ( 7 ) 

where {(a:) deiw)tes the value of the Gibb*8 free energy at x and W{xi, x^) is 
the work done, against the field, in carrying a particle from xy to f 

For a classical gas in a uniform field, we then have the usual Boltzmann law 

»{a:)»noe (8) 

whore n{x) is the concentration at x and no the concentration at as a# 0, and 
a is the force acting on a particle — ^the direction of the force is along the 


’ In this paper we treat only the completely non-relativistic case, 

* The -f sti|Eix attached to a quantity denotes its value in the non-degenerate case, 
and the — Sv'fllx refers to the degenerate case. 



MOTION OF A FARTIOLK IN A TTNIFORM FTBI*n. 


159 


negative x-aids. If h denotes the number of particles contained in a vertical 
cylinder of unit oros8-8o(jtioa and extending from a; » 0 to x oo, then 


n 




noifcr 
a ’ 


(9) 


and honoe 




.. ( 10 ) 


The concentration for a classical gas, at any fissigned value of x, is directly 
proportional to h (or ?io) and vanishes for oo. However, for a comjyletehi 
degeMrate gas the situation is entirely different. The concentration, for a 
given X, is not directly proportional to h (or Wq), and the distribution, instead 
of extending up to infinity, is confined within a finite interval x «= 0 to x = 

I depending on n. This is easily seen as follows . 

Substituting the expression (6) in (7) we hav<* 



and hence the distribution extends from x = 0 to x 
X > 1), where I is given by 


/ /3wo\8 

” 2r»* V4w (/ ) ’ 


and (11) becomes 


n 


^ng 

3 



(Z-x)l 


I (i.e. n vanishes at 


.. ( 12 ) 


.. ( 13 ) 


The total number of particles contained within a vertical cylinder of unit 
oross-seotion is 


n 


ndx 

* 0 


4mg) 5mai 



( 14 ) 


and substituting for n© in terms of I, we have 

<«' 

Equation (15) gives the extent I of the distribution in terms of the total number 
of partioles lying above unit area. 

The above expressions refer to a S-dimensional case. It is sometimes of 
interest [Singh (1941)] to consider explicitly 2* or 1 -dimensional case. How- 
ever, as the general case referring to any number of dimensions is equally easy, 
it will be better to give the results in terms of v, v being the number of 
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dimensions. The Gibb’s free energy for a completely degenerate gas, in the 
cose of a n-diniensional space, is easily found to be 


J.^ 1 % pfj!^ 

2nni I r/ \2 


.. (10) 


where n,; denotes the eoncentration per unit content in the iNdimensional 
space. T'^sing (JO) in place of (6) we obtain, instead of (15), 


= y [ — < , 


.. (17) 


hv being the number of particles lying in a column of unit 'cross-section’ 
(which is of I dimensions) and of length I along the oj-axis. For v =» 3, 
(17) reduces to (15). 

3. We shall now disciiss the distribution law by directly considering the 
Schrodinger equation for the motion of a particle in a uniform field of force. ^ 
(lonsider a |)article enclosed inside a cylinder extending from a: =» 0 to x -> oo , 
the end at a; = 0 being closed. The cross-section of the oylindei* is a rectangle 
of sides and }>araUel to the y and z axes respectively, one of its corners 
being at the origiti. The Schrodinger equation is 




.. ( 18 ) 


This equation is separable in tlie three variables and, therefore, ^ will be 

i/s cs C sin sin — - X(x ) ; 

«2 % 


X(a;) satisfies the equation 


Writing 


wo have 




(» 2 , «8 « 1 , 2 , 3 , . 




B--*! (^)K. 

8w \aa/ \«i/ \S7r^m/ 


' 0 . 


3 Al«o see CoiMlon and Morae, pp, 45-47. 
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This equation is a standard form of Bessel’s equation and its solution is 

= ( 2 ») 

where J^(u) is a Bessel function of order ^ . The eigen- values of If can now 
he found by imposing on (23) the boundary condition 


X{u) =5 0 for X ass 0, 



W-^ 

8w \aj 8»fl V«8/ ) ■ ■ ■ 

.. (24) 

For largo values of the argument 



\ 4p®-l . / 2p+l \ 

8;r 4 ^/ * 

- . . (26) 

and hence for large u we have * 



X{u) ^ ^ 

3 1 /2 8 SwN 

( 3 “'” ’V’ 

.. (26) 

From (24) and (26), therefore, we have 


ur_ 

J 1 Sm \i 


.. (27) 

or If an — - ( -* 

8m \a^p 

/ Vas/ 32w 7 ’ • 

•• (27) 


where «i is a positive integer. Equation (27) gives the eigen-values of the 
energy W, 

A particle with energy W will not be found at any appreciable distance? 

W W 

beyond I ^ , for, by (21) if x be greater than — , u becomes negative 

OL OC 

and the asymptotie expansion for Z(tt) decreases exponentially: 

m 


I For determining the eigen-valuee, we require the behaviour of X(j») in the neighbour- 
hood of so WB 0. The aeeumption, that for « «« 0, w is large, is always valid exoept for 
those energy states for which ni is atnall. For detenuining the eigeti-values for the lowest 
enei^ levels, the behaviour of X(m) in the neighbourhood of u 0 is required. 
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We shall row enumerate the number of eigen-fuuotions corresponding to 
all values of energy less than or equal to a certain assigned value of W ^ od. 
Writing 

8 m If j .rtQv 

^.==_„.andy = ^^, (29) 


(27) reduces to 




.. (30) 


The number of oigen-functions for energies < W is the volume of the spacje 
hounded by the surface described by (30) and the tliree co-ordinate planes^ and 
for which wj, and are all positive. If g is the weight factor for the 
particle, then the number of wave-functions is g times the above value. If, 
for a n\oment, we suppose fixed and varied, then the area of the 

positive quadrant of the elliptical section is 




and honoo the required volume is 




Remembering that, for the completely degenerate case, the number of partioles 
is equal to the number of independent wave-functions, we have r 


§£p/2»»y 1,5 
15 \ }fi y « ‘ • 


Tlie alK)ve treatment can be easily generalised to hold for any number of 
dimensions. In the case of v-dimensions (30) will be replaced by 




The content, corresponding to the positive values of n*. nj n„, of the 

hyper-ellipsoid in (v— l)-dimension8 will be 


rv(!+J) 




•••««),.. . . (35) 
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and henoe the number of wave-functions is 



V 



Therefore, finally, we have for the v-dimensioual case 


.. (30) 



a result which is identical with that of section (2). 

4. In the foregoing sectioTis we have discussed the density distribution of 
a Fermi-Dirac gas in the presence of a field. We shall now derive an expression 
for the average kinetic energy per particle, and then discuss the degeneracy- 
tern/percAure and its dependence on the field strength. 

For a olassioal gas, the average kinetic energy is ~ kT and is unaffected 

by the field For a completely degenerate gas the average kinetic energy (e) 
per particle is 


3S3 


^ 0 


Con dx. 


where the null-point energy cq is given by the usual expression, 

3 

10 »» 


and henoe using (13), (14), and (16) we obtain * 

3 , 3 A« /3no\i 



1 The total esoergy per partkde (i.e. the euzn of the kinetic and potential energies) is 
easily found to be ~ od for the degenerate gas. For the non-degonerate case the total 
6 
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and the expression in terms of h and a, which is the moat useful in practice, is 


^ 7 \2m/ \ 87r(/ / * 

Let us define the degeneracy -tempt^rature Tq by the relation, 


.. (39) 






.. ( 40 ) 


k being the Boltzmann constant. In a degenerate gas, the average energy per 
particle is much larger compared to kT and hence the criterion for degeneracy is 

(41) 

The temperature can be expressed with the help of equations (38) and (40) 
either in terms of or any two of the three quantities a, ly and n. Taking 
n and a for example, we have 



«, as defined before, denotes the number of particles contained in a cylinder 
of unit cross-section, its axis being parallel to the field. Equation (42) shows 
the effect of the field strength on the degeneracy- temperature — the temperature 
dooroasing with decreasing field strength. 
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FERMT-BTRAG AND BOSE-EINSTEIN GAS IN A UNIFORM 
FIELD OF FORCE. 


By I), S. Kothari and F. C. Attuick, Unityersity of Delhi, 
(Read January I, 1942.) 


Abstract. 


The donaity distribution of a Fonni-Dirao and a BosO'Einstoin gas, both for the 
rolativiatic and non-relativistio cases, in the presence of a uniform field of force, is con- 
sidered. The average kinetic and fiotontial energy, per particle, is determined, and a 
general theorem regarding their ratic^ is dtsonssed. The condensation phenomenon, 
in the presence of a uniform Held, for a Bose-Einstein gas is treated in the last section. 
The 8}>eoifIo heat is foinat to he discontinuons at the critical point. 


1. When an ideal Fermi-Dirac or Bose-Eijistein gas is plaoefl in a uniform 
field of force, which we ansume to be acting along the .r-axiB and extending 
from a: =5 0 to .r *> ao, tlien the denHity distribution of the gas is described by 
the relation, 

== ( 1 ) 


where rjiiv) denotes the value of the Gibb’s free energy at x’, and a is the force 
acting on a particle— the force is along the negative x-axis. If n(x) denotes 
the number of particles per unit volume, i.e. the concentration at x, then 
•) 7 (x) and n(x) are oonnoctc^d l)y the relation. 


w(x) 


»(€) de 


poo 

a(€) »€ 


I )Ei-fexp. 
0 


It 


( 2 ) 


a(€) (U represents the number of wave-functions for a particle when its kinetic 
energy lies within € and c-fdc. 

a(€) de « ^p{«2-|.2€?m;)V+?ne2), (2') 


where m is the mass of the particle, g its weight factor; c is the velocity of 
light and h is Planck’s constant, and « 0 for classical statistics, » 1 for 
Fearmi- Dirac statistics and ^ — 1 for Bose-Einstein statistics. 

If n denotes the number of particles contained in a vertical cylinder 
(we suppose the x-axis to be vertical) of unit cross-section and extending from 
X w 0 to X 00 , then 


r 

1 w(x) dx »■ 


’ 0 

0‘ 


a(c) d€ dx 


fi+(^xp.~{e-r,{0) + (lix] 


( 3 ) 
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It i« usual to consider two extreme oases: (i) the completely non- 
relativistic case, for which the average kinetic energy per particle is negli^ble 
compared to its rest-mass energy, and (ii) the completely relativistic case for 
which the rest-mass energy is negligible compared to its average kinetic energy. 
In the non-relativistio case 

»(«) * “ ^ . («) 

and in the relativistic case 

S'** ; 


and, therefore, we have from (4) and (6) 

for the non-relativistio case 
3, for the relativistio case. 



(7) 


It should be noticed that the above result is independent of the statistics 
obeyed by the gas, the held strength and the actual location of the plane 
X sa 0 (this plane defines the asero-level for mea,8urmg potential energy— and 
only particles lying abo ve this plane are taken in considering the average values 
f and 

2. The density distribution for a Fermi-Dirac gas in the non-relativistio 
case has already been discussed in a previous paper (Kotiiari and Auluck, 
1942). We shall, therefore, treat only the relativistic case for a Fermi-Dirac 
gas. The iBoae-E&astein case is treated in the next section. 
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For the relativistic (completely) non-degenerate (or olassioal) case, we 
have the usual Boltzmann law, 


no being the concentration at a; = 0, and further 


( 8 ) 


(») 


and 




( 10 ) 

The concentration for a non-degenerate gas, at any assigned value of 
is directly proportional to n (or %) and vanishes for a: oo. However, for a 
completely degenerate gas the situation is different. The density distribution, 
instead of extending to infinity, is confined within x == 0 and x=sl,l depending 
on n. In the case of a relativistic completely degenerate Fermi-Dirac gas 
(2) and (2') give 




• . (H) 


where n(x) is the concentration at x, and hence substituting in (1) we obtain 




ax, 


. ( 12 ) 


where no is the concentration at a? aas 0. The distribution will, therefore, 
extend from x = 0 to x = Z (i.e. x vanishes at x > Z) where Z is given by 


1 - 

‘-aVgj’ •• •• 

and therefore, from (12) we get 

We, therefore, have for n, and e, 


(18) 

(14) 

(16) 


i - 




Mid I in terms of 9, and « is 


fe)‘ 

/3fl\Vc/A* 


(16) 
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For the sake of completeness, we may note that, for the completely 
degenerate non-relativistio Fermi- Dirac gas, the corresponding formulae are 



/ 3 N* 5 Hng /2m\^ 1,5 2 , 

. . (15') 

and 

. 3 , 3 A2/3»o\* 

•• •" •• 

3A»A0”V 3/ftgy/15afty 
** 14 m \8irgfi / 7 \2m / \ STrflf / 

. . (16') 

and 

I » 

X^ngJ \2m(X/ 

. . (17') 


3 . We shall now take up the case of Boae-Einstein gas and discuss how 
the peculiar condensation phenomenon, first mentioned by Einstein and 
recently discussed in detail by London ( 1938 - 39 ), Goldstein ( 1941 ) and Kothari 
and Singh ( 1941 ) and others, is affected by a field of force. In the case of a 
Bose-Einstoin gas ()9 =» — 1), 17(0?) can never be positive, otherwise the number 
of particles n(e)t occupying a state of kinetic energy c, would be negative for 
some value of e, which is inadmissible. For Bose-Einstein statistics, ' the 
non-degeneracy is characterised by rj < 0, and the degeneracy by 17 = 0. 
Writing, as usual, 

(18) 

we have from equation (2) 


*^0 

and, therefore, in the non-relativistio case 


® r i)(0) -gg *] 




and in the relativistic cose 


Hence we have for n, in the non-relativistic case 


• • ( 10 ) 


• •' ( 20 ) 


.. ( 21 ) 


n«^(2«nl!r)^~2v 




. . ( 22 ) 



IN A UNIFORM FXBLl) OF FORCE. 


169 


and in the relativistic case 

n sa STrg 


/itTykl 

\chj a 


kT 1 kT 
1 


. . ( 22 ') 


The R.H.S. hi (22) or (22') attains its maximum value when 7)(0) = 0, and, 
therefore, i7(ir) =* — otx. This means that the Bose- Einstein gas is degenerate 
only at the level ir »= 0. Denoting the maximum value of the R.H.S, of (22) 
by 71*, we have 

and similarly from (22') 


Srrg 




.. (23) 
• • (23') 


{(^) being Rieinarin’s zeta function. When the actual number of particles 
lying per unit area above the piano a? = 0 exceeds %•, then it follows, from 
arguments familiar in connection with the discussion of the condensation 
phenomenon for a Bose-Einstohi gas, that the difference ('ii— n*) represents the 
number of particles in the zero-energy state, and these will be all situated at 
the level aj » 0, 

Defining the critical temperature Tq by the relation 




r A8n a I* . . . . . 


.. (24) 


we see that so long as T > (i.e. n<a'*'), the gas is non-degenerate 

throughout the entire space. But for T < (i.e. n > %♦), the gas is 

degenerate at the level a; « 0 and non-degenorate above it; and the number 
of particles in the zero-energy state which are all located at the level a; » 0 is 
given by 


(h — «.*) 



(non-relativistic) 

(relativistic). 


.. (25) 


It should be particularly noted that whereas in the absence of the field the 
condensed phase (i.e. particles in the zero-energy state) is present throughout 
the maas of the gas, in the presence of the field the condensed ^haee is only 
present within a restricted region of space.i 


1 In the foregoing treatment the thickness of the layer, in which the condensed phase 
is present, is »ero because we have assumed that for the scero -energy state <o 0, but 
due to the uncertainty relation the zero -state has always a small but non- vanishing 
energy. 
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It now remains to derive the expression for the average kinetio energy per 
particle and this is easily found to be, for the case T > 




E = ni=^ ^ {2nmkT) 


, (non^relativistic) . . (26) 


E sas m 


and hence 




i^^-kT -i j- 

^ 1 


, (non -relativistic) 


4^1 -'We 


f s 3ifcr -L 


W <pi 

2.S* 


— , (relatiristio.) 


In the degenerate ease (T < T^) we have 

( ^ {2imkT)i C(i) (non-relativistic) 
I 24irg(~y^-^i(li) (relativistic) 


I kT mi (non-relativistio) 
3ifc2r mi (relativistic) 


The constant- volume speoifio heat 0, at the point T eaaUy shown 

to be discontinuous. This is to be contrasted with the case of no fidd where 
the discontinuity lies in the temperature-derivative of the speoifio heat and not 
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in the epedfic heat itself. 
diBOontinuity is found to be 


[C^o] ftt 
[^v] at 


The ratio of the specific heats at the point of 


f 1 g K(l)]^ 

I ^mm) 

1 1 

V 5 {( 3 ){( 6 ) 


(non-relativifltio) 

(relativistic) 


.. ( 30 ) 


The condensation phenomenon for a Bose-Einstein degenerate gas, due 
largely to the recent work of London^ has acquired physical significance because 
of its possible connection with the peculiar properties of liquid He II. The 
possible applications of the foregoing results will be considered elsewhere. 
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THE INSTABILITY OF RADIAL OSCILLATIONS OF A VARIABLE 
STAR AND THE ORIGIN OF THE SOLAR SYSTEM. 

By A. G. Banbkji, M.A. {Caviah.), F,N.L 

{Received Febnuiry, 9, 1942.) 

Absteact. 


No existing tidul theory onn satiefacfcoriJy explain the origin of the Holar eyetenj amj 
aocount for the angular inoinenturn and energy possefieed by the planets. To obviates 
the difficulties of the tidal theories, the Sun in the present theory is supposed to be origi- 
nally a part of a Cepheid variable of abotit rune times the Sim’s mass, whioli oscillateil 
with small amplitude. The near-by passage of a star of about the Cepheid ’s mass in- 
creased the amplitude of the oscillations rendering them unstable. That this could have 
been possible has boon mathematically shown in this paper. Matter was consequently 
thrown out, which condensed into the Sun and the planets. Enough energy for this is 
available in the parent Cepheid. The Sun is shown to have taken about two-fifths of the 
energy of the parent Cepheid. Tt has also been shown that the oneoimter need not be 
very close, nor need the intruding star have an inojdlnatoly large velocity, to give the 
requisite angular momentum to the Sun and its planets and enough energy to the Solar 
System to escape from the parent Cepheid. 

We shall briefly allude to some of the modem theories which have boon 
proposed from time to time to explain the origin of the Solar System. The 
planeteaimal theory of Chamberlin (1916) and Moulton (1906) and the tidal 
theory of Jeans (1919) and Jeffreys (1920) undoubtedly possess certain dis- 
tinct advantages in explaining the dynamical arrangement of the bodies wltich 
form our Solar System, but they are also open to some grave objections. In 
both these theories it is supposed that the Sun and a passing star narrowly 
missed each other, Jeffreys later on supposed tliat thcTe was grazing C'lollision 
between the two bodies. It is also surmised that the angular momentum of 
the planets was obtained at the expense of the small fraction of what had 
originally been possessed by the passing star. But Russell (1935) has pointed 
out the grave difficulty which arises when the distribution of angular momentum 
per unit mass of the passing star as well os of the planets is considered. If 
I be the semi-iatus rectum of the orbit of a body, whether a planet or a passing 
star, relative to the Sun, we find that the angular momentum per unit mass 
of the body is proportional to VIg+sc), where x is the ratio of the moss of 
the body to that of the Sun. Now to produce tidal eruptions in the Sun, 
the encounter must have been very close, and the parameter I may be token 
to be of the order of 0*03 astronomical unit. If we take or to be one, we find 
that the angular momentum per unit mass of the passing star would be 0-26 
unit, taJking that of the earth per unit mass to be unity. On the same scale 

vot. 2. 


[Published June 22nd, 1942. 



174 A, 0. BANBBJi: THK INSTABILITY OT BABIAL OSCILLATIONS 

we find that the angular momtmtum per unit mass varies from 0*61 unit in 
case of Mercury to 5*49 units for Neptune. The weighted average for all 
the planets is calculated to be about 2«63 units, whioh is ten times greater 
than the amount which the star can possess due to its motion round the Sun 
and at the same time produce tidal eruptions for which a close encounter is 
necessary. It appears to l)e higlily improbable, if not impossible, that so much 
angular momentum can be put into the material ejected from the Sun by the 
passing star during the enoountor. 

Recently there has been a number of new lines of attack on this problem. 
It has b(H*n suggested (Russell, he. cit,^ p. 136) that our Sun might have been 
a binary star having a companion much smaller than itself which revolved 
in an orbit about the Sun at a distance comparable with those of the major 
planets. A collision between this companion and a passing star broke the 
former into fragments which were condensed into the present planets. Russell 
abandoned this hypothesis as unpromising, as it is not possible to explain 
satiHfaotorily how the collision would be capable of breaking up a single mass 
into several planets of comparable size. Moreover, it is unlikely that the 
plane of orbit of the original companion about the Sun and that of the intruding 
star would bo roughly parallel. Lyttleton (1936) tried to give a mathematical 
treatment of the above suggestion. He studied the particular case when the 
three stars wt're of equal mass. Luyten and HiU (1937) liave pointed out 
two main difficulties in Lyttleton*s theory. The first is that the energy re- 
quired to form the planets is very large and the intruding star must have 
an initial velocity of 100 km. /sec. at least relative to the Sun at a great distance 
from the Sun, which is a rare oocuri'ence in Nature. The centre of the planetary 
ribbon whioh may be formed between the Sun’s companion and the intruding 
star would acquire a velocity much greater than the velocity of escape relative 
to the Sun. The seomd difficulty is that, after the encounter, the subsequent 
action of these two colliding stars, that is, the Sun’s companion and the in- 
truding star, on the planetary ribbon, cannot be n^lected. Luyten and Hill 
have shown that about 94 per cent of the total length of the ribbon would be 
retained by these two stars, and so only 6 per cent of the length of the filament 
becomes available for possible capture by the Sun and subsequent formation 
into planets. 

To avoid the requirements of a very large velocity for the intniding star, 
Lyttleton (1938), in a later theory, assumed that the intruding star was 
much more massive than the Sun. But Luyten (1939) has shown that 
even with the above assumption no favourable case for formation of our 
planetary system can be established, Luyten has shown the possibility that, 
in order that the Sun could capture a part of the filament between its com- 
panion and the intruding star, ‘the Sun must have been running parallel to 
the filament for some time, and must itself have suffered a close approach or 
collision witl| the intruder.’ In the above case, the Sun itself would be cap- 
tured by vho more massive intruder. 
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It can be mathexaatioally aho'fvn that rapidly rotating stars break up by 
fission preferentially in the vicinity of another star. Ross Gunn (1941) 
has considered the case of a rapidly rotating star, with angular velocity of 
rotation slightly less than the critical value for fission, which approaches 
another star. When they are sufficiently near together, both are deformed 
by tidal forces. Tidal forces acting in conjunction with the centrifugal forces 
break up the rapidly rotating star. Condensed masses of planetary size fi-om 
outermost zones leave the surface of the star which has broken up into com- 
ponents. Now tidal forces between the stellar components and the second 
star reduce their angular velocity of rotation. Gunn believes that the resulting 
slowly rotating outer component finally proceeds to infinity, accompanied 
by two different families of satellites all mai’ked by definite asymmetries. 
He maintains that no serious inconsistency of <mcrgy or momentum will occur, 
and that a stellai* tmeounter of the tyi)e considertHl above will produce a dis- 
tribution remarkably like the Solar System. 

The main difficulty of this theory is that sxjch (dose encounters in which 
one of the approacliing stars is rapidly rotating with angular velocity almost 
equal to its critical value of fission are highly improbable. The suggestion 
that such encounters might have occurred in the early stages of evolution 
when our Universe was much more compact and tire stars were very close 
together seems also to be too far-fetched. 

Very recently Lyttleton (1941) has also considered the question of 
planetary formation resulting from the break-up of a single stellar mass due 
to rotational instability. He regards the Sun as the distant companion of a 
close double star whose components had first merged into a single body and 
then this mass broke up into a pair of stars due to rotational instability, and a 
planetary filament was produced between thorn as they were separated from 
one another. The initial system was thus a triple star, and Lyttleton main- 
tains that a single mass which could be obtained by combining the two com- 
ponents of a double star would have sufficient angular momentum to cause 
instability, fission, and ultimate formation into a planetary filament. Lyttleton 
fturther suggests that the two new components separate from the Sun with 
hyperbolic velocity, leaving the filament to be captured by the latter. This 
port of his theory is open to the same objection as his earlier theory of planetary 
formation depending on encounters. Moreover, it is not clear how the decrease 
of separation between the two components of the double star can be brought 
about so that they would ultimat^y coalesce into a single body. It seems 
rather far-fetched to suggest that this process of coalescenoe was brought 
about by accretion of mter-steiiar matter. It is also difficult to see how the 
close passage of a third star con be responsible for gradual merging of the 
two components of the double star into a single body. In all probability 
such a process may result in catastrophic collisions between the two com- 
ponents. 
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la a recent paper, P. L» Bhatnagar (1940) has studied the changes that 
would take place in the velocity of the Sun and also its distance from its 
companion due to the encounter of the latter with the intniding star. He 
has shewn that even in the most favourable cases there is hardly any possi- 
bility for thii formation of the planetary ribbon, as in such cases an actual 
collision between the Sun, its companion, and the intruding star cannot be 
avoided. 

It may be mentioned now that from astrophysioal considerations Spitzer 
(1939) has proved that even if the desired planetary ribbon is assumed to be 
formed by a close encount/cr between two stars, it would acqube sufficient 
velocity of expansion to dissipate in a period of the order of an hour at the 
most at stellar temperatures without giving birth to any planets. Thus 
from two entirely different considerations we find that the existing tidal 
theories are unable to explain the formation of the Solar System. 

It may be mentioned here that in reply to Spitzer, Lyttleton (1941) 
states that it is not permissibk? to regard the filament as conditioned solely 
l)y its own gravitational effect. On the other hand, the filament would be under 
the combined gravitational field of the stars concerned. Moreover, he main- 
tains that a temperature greatly in excess of that likely to be reached at any 
point of a star similar to the Sun is required to give thermal velocities eqdal 
to the escape v(^locities of the particles in the filament. 

We have now seen that it is hardly possible for an intruding star to supply 
most of the energy and momentum required for the formation of planets. 
It has been suggested that the raw material which ultimately formed planets 
was shot out from the Sun by powerful internal forces. If there were sufficient 
initial impulse, the planets could easily have been formed at their present 
distances while the attraction of a passing star would sot them revolving in 
their present orbits. But the main difficulty is how such powerful internal 
forces came to exist. We have to examine the possibility whether the requisite 
amount of energy for formation of planets can be obtained from available 
subatomic sources due to thermo-nuclear reactions. We have further to 
examine how a state of dynamic instability con be brought about, which would 
result in ejection of matter to planetary distances. Cephoid variables con- 
stitute a well-known class of periodic variables having short periods. Cepheid 
variables lurch (Merrill, 1938a) towards us when they are bright, away from us 
when they are faint. The accepted interpretation is that of pulsation which 
holds the field now as the best working hypotheiais. Jeans (1929) suggested 
that changes in brightness of variable stars depend on the rotation of a pear- 
shaped body. This explanation in which the orientation of the star's axis 
plays an important part is not acceptable to the astronomers for any standard 
type of variables, for they are of the opinion that a variable star has approxi- 
mate sphern>al symmetry so that it would look the same at all times from all 
directions and would not depend on the location of the observer (Merrill, 19385). 
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Gaposohkin (1938) jnontions that the Cepheids are in fact among the 
most luminous objects of their spectral classes, and may appropriately be 
called ‘supergiants’, Gamow (1939a) suggests that the pulsation phenomena 
observed for Cepheid variables are due to instability during the transitions 
from the giant branch into the main sequence. Further, he is of the opinion 
that the pulsativo instability of the stars near the limiting line of R-L diagram 
(radius-luminosity diagram) is due to the conditions existing during the 
transition from the state of thermo-nuclear evolution into the state of purely 
gravitational contraction. 

It will be useful to investigate how dynamical instability of pulsation of 
a Cepheid variable can be brought about, and to find out when this state of 
instability has boon attained, whether sufficient sub-atomic energy can be 
obtained in the Cepheid to eject matter to planetary distances to bo condensed 
into planets. . It has to be seen whether a passing star (a close encounter not 
necessarily being required) can bring about this state of instability by pro- 
ducing tidal disturbanociH. It may be remarked that if the planets arc once 
formed, the attraction of the passing star would set them moving sidewise. 

We may also examine the case of pulsating instability of a Cepheid 
variable having mass considerably greater than that of the Sun with the 
possibility that an amount of matter having mass more or less equal to that 
of the Sun might have been thrown out to a distance whore this ejected 
mat^erial would ultimately escape from the parent’s body with part of the ribbon 
which had initially joined the two, and thus become our Sun with planets 
formed out of this partial ribbon. The parent Cepheid as well txs the passing 
star would give the necessary angular momentum to the planets to go round 
the Sun in their orbits. 

Eddington (1926) has considered the adiabatic pulsations of a variable 
star, which are symmetrical about the centre. The star as it expands and 
contracts remains spherical in shape. He only considered small radial oscilla- 
tions, the square of whose amplitude could be neglected, and so all the varia- 
tions could be represented by simple harmonic terms. 

Sterne (1937) has considered three models of oscillating stars for which 
the square of the amplitude was neglected, viz. 

(1) the star of uniform density; 

(2) the star in which the density varies inversely as the square of the 
distance from the centre up to a very small distance from the centre within 
which the density is constant; and 

(3) the model in which nearly all the mass is contained in a particle at 
the centre and in the remaining portion of the star the density varies inversely 
as the square of the distemoe from the centre. 

We shall now retain the square of the amplitude in our equations and try 
to investigate their solutions. 
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For radial oBoillatioiiB of a star, the equation of motitm, in geinend, is 


I 


golp IdP 

pdf 


.. ( 1 ) 


where gy p and P denote distaneo from centre, gravity, density and pressure 
respectively, at a point, and ioy go, po corresponding values 

at the same point in the undisturbed state of the star. 

Define fj, pi and Pj by 

€ - P « Pi^il+Pi) and P * Po(l+Pi) (2) 

wfu'i’i* fi, Pi and Pi are small quantities. 

Wo shall keep later on small quantities of the second order, that is, up to 
f etc. 

Dmiiig the motion the Ibllowing equation remains true: 

PoSldio == pf*df (3) 

Por adiabatic oscillation, the relation 


P as Kp"^ * . . . . , . . (4) 

liolds good, where y is the effective ratio of the specific heats (regarding the 
matter and enclosed radiation as one system). 

We get from (2), (3) and (4) 

1 


and 

wbert> 

We therefore have 


i+pi 

i+Pi- 


1 

(i+fiF(i+fi+fofl)’'’ 

P' 

dfo‘ 




go 


(l+fl)* PO 




dPc 

dfo 


Fruiii oquation of andkturbed atato we get 


dP, 


d(o 


— 


goPo • 


The equation (7) may now bo put into the form 
'i - -go 


— n ^ 




( 5 ) 

(«) 


( 7 ) 


( 8 ) 
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Approximations. 

We shall neglect higher powers of (i, etc., than the second. Following 
the method of P. L. Bhatnagar (see later) wo get: — 

(l+Pi) = 1— y(:ifi+fo^i)+ |y(3y+l)fj+y(3y+l)fofili j- . 

^ « _y(4fj+|of,)+[y(4y+2)fofj-+y(y+l)f*|,f, 

+ 4y(:^y+l)^^f,+y(:)y+l)^O^lf;]. whore f . 

dio 

Hence (l+PjKl + fi)'-^ = I- {(3y-2)^,+yf„f;| 

+ [(|y’“-|y+iyHr(-V-i)fofif ; + 

= ->’«+^oO+ 

+ 2y ( 2y + 1 )^of f +y(3y — 1 if i 

+y(y+i)fof;f;}. 

We get, therefore, from equation (7), 

f “ !7 o[ 5 -(3y-4)f,-yfofi } + [(|y*- |r-2)f! 

+y(3y- Dfof if i + f'f'fj ] 

+ J y [(4f ; + f of ; ) - { 4(3y - 1 )f ,f ; + 2(2y + 1 )f„f f 

+ (3y-l)fofif;+(y+l)f“fifi!] (S') 

Let m aweume in the heginning that ifl Binall and that 
^1 %(fo) nt^a2{(o) 

wliere ai(^o) ^ small quantity of the first order and ai(fo) 
small quantities of the second order in fj. We shall neglect small quantities 
of the third and higher orders, a^l^o) has been introduced for the vanishing 
of certain quantities of second order which are left over after equating oo- 
efiScients of cos ni and cos 2»i to zero. 

Wo have 

f - fo(l+f,), where I - ^ , f » ^ . 
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Hence f «« io(i "= { «i(fo) ®os oos 2ttt } . . . (10) 

I, = «! (fo) COS nt—a'^ (fo) ws 2rU-d^ (fo) (11) 

f I = ttj COM tU—a^ 008 2»t— , . . . . • . (12) 

, / d(i y 

whcrc|^»^.f,-^.eto. 

Substituting in (8) wo hare 

^n^ai(o+ffo{ -(3}/-4)ai-yfo“l } + ^{^i+fo«l }J“>s nt 
+ 1^— 4w*fo®2+Po{ (3>'~l)®2+yfo®2+ j {3y— 4)(3y+l)Oj 
+ ^y(3y — 1) |o«i®i + 1 y(y+ 1) ^ 0 ®!^} +"~{ ~^ 2 ~fo ®2 
-2(3y-l)aia;-(2y+1)^o«'f- |(:V-l)fo«i«;- |(y+l)f?«, «',}] COS 2»i 
+|^t'o{{'V— 4) a8+yfo®8+ j(3y“'*)(3y+l)a®+ |y(3y— Hlo®!®, 


+ i y(y+ 1) fo®f } + ^ { “^3 -fo«8-2(3y-l) oioj 
** Po 

-(2y+l)foa'f - 1 Oy-Dfo®!®;- |(y+l)f»i }] “ <> (13) 


Putting the ooeflSoients of cos ni, cos 2nt and the terms independent of time to 
be separately zero we got 



.. (14) 

. . . (16) 


and 


where 

3B 


««+ 


4— V 
^0 


av 


r 




(W) 

(17) 
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+ 1 — j (y+l)j' j' (1®) 

Theae equationa have also been obtained by niy research scholar, P. h, 
Bhatnagar, in his nnptibliahed thesis for the I). Phil, degree of the Allahabad 
University. 


Boundary condition's. 

Prom equation (1) wo got 

Remembering that 

1 dPo 
iodSo~ 

we find that 

At the boundary Pq is infinitesimally small, and 

d(PoPt) _ p 

~TI\- 

Hence, at the boundary 

where £%, go > ^ have their corresponding values at the boundary. 
(21) may be put in the form 

Now, we have, up to small quantities of second order, 

Pi - ~y(3^i+^oO+ {Iy(y+Wi 

+y(3y+ Wifi + 1 y(3y+ l)f? } • 


(19) 


.. ( 20 ) 


.. ( 21 ) 


.. ( 22 ) 
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Now, substituting in (22), we get at the boundary 

£ = - { j + { ^ (3y-4)(3y+l)f“ 

+y(3y— l)fof if j + 2 y<y+ Mf f | (23) 

Now, substituting for f ,, and f from (9), (10) and (12), and equating 
the coeffioients of eos rUy cK)a 2ni and the term indeipendent of them separately 
to zero, we get at (q = R, 



ifo ~ i ^ (3y- + 1 iY+ Dfoaf = 0. (26) 

and a^d- ^ ~ «^+ 1 (3y- l)a,«i + 1 (y+ l)fo«T = «• (26) 

These eonditious have also been obtained by V. L. Bhatuagar. 

Case /. Sphere of uniform density. 

Wo consider a sphere of undisturbed uniform density P. I’ho mass within 
. 4 .. H 

radius is x7T p ; the undisturbed value of gravity and pressure? are 

o 

go » “ (^p(o and Pq »» ^ where 0 is the constant of gravitation 

and Ry the radius of the undisturbed star. 

We have v = , where £q » Rx. 

Substituting the values of go, Pq and v and putting ^o « Rx in (14), (16) 
and (16), we get 

(1 -z») (4-6x*) ^+(^-2a)ai - 0 (27) 

(l-x*)^+~(4-6®2)^+(4)S-2a)o,«^?o. •• •• (28) 

and (i_a,a)^3+[(4-6x*)^»-?«,-g„ (29) 

where " { I (^Y’-^'>P‘'" | (y- !)« ]• o? 

+|(y+l)(i8-2a)«»i^ 

+ {i-i(r+S).>}(^)' (*» 
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and 


A 




(31) 


Let us now put dashes for differentiation with respect to x. 
The boundary conditions are at a? ss I 


2aj+(2«^/9)ai »0, 


(32) 


2a2 + (2a— 4j5)a2+ 1 «{3y+l) Gj 


+(3y — 1) aiaj+ ^ (y+ 1) 0 , .. (33) 

and 2<ig + 2afi8+ ^ <x(3y + 1 ) 

+ (3y— l)aia,+ ^ (y+l)af « » • •• (34) 


where ax, Uj, etc. have their relevant values at a; xa 1. 

We shall now get the solution in series of the equation (27) and investigate 
the convergence of the aeries in the interval 0 < a; < L 

It is evident from the form of (27) that the boundary condition (32) is 

satisfied if remains finite at a; =* 1. 

The roots of the indioial equation for (27) are 0 and —3. The negative 
value gives a singularity at the origin. We, therefore, choose the former value 
(0) and expand the solution about the origin in a power series of the forni 


ax OB 




(36) 


where we assume arbitrarily 6© = 1 (^ equation is linear). 

It is found by substitution that the terms in odd powers of x vanish, and 
that the ooeffloients of the even tc^rms satisfy the recurrencf* formuln 


2A(2A+5)-i8+2a 
'’2A+2" '^2A"(2A+2)(2A+6) 


(36) 


The series (36) will terminate provided 

/J--2a - 2A(2A+6). (37) 

Otherwise, (36) will be an infinite series whose coefficients are ultimately all 
of the same sign, and which, by the recnirenoe formula (36), can l)e easily 
shown to be divergent at x » 1, and convergent for * < 1. 

Henoe it is impossible for the boimdary condition (32) to be satisfied, 
and »t th« some time for o, to be finite at x » 1, unless condition (37) were 
aatii&ed. 
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Let US suppose that condition (37) holds good and that the series for ax 
terminates. 

We shall now find out the complementary function of (28). The roots 
of the indicial equation are again 0 and —3. Choosing the former, as before, 
we assume for the oomplemontary function of (28) the series 

GO 

•• • 

0 

By substitution we find as before that the terms in odd powers of x vanish 
and that the coefficients of the even terms satisfy the recurrence formula 


2A(2A+6)--4i5+2a 
®2A4 2*“®2A (2A+2)(2A+6) 


(39) 


It is quite possible that for particular values of A both and the com- 

1 

plementary function of at may terminate, e.g. a Ai sw 3 and A 2 = 7. 

o 

For the particular integral of (28) we assume the series 


S'i'' (*) 

0 

We notti from (30) that as, according to our assumption, aj is a termina- 
ting series, so is Qq, Hence, the coefficients of (40) will ultimately follow the 
same law as those of (38), that is, the terms in odd powers of x will vanish and 
the coefficients of the oven terms will satisfy the recurrence formula (39). 

Reasoning as before, we conclude that it is impossible for the boundary 
condition (33) to be satisfied and at the same time for at to be finite at a; » 1 , 
unless the following condition were satisfied 


4i9-~2a « 2A(2A+6) (41) 

We shall now suppose that both conditions (37) and (41) were satisfied 
and the series for and aj both terminate. 

The indicial equation for the oomplementary function of (29) gives again 
the roots 0 and —3. Choosing, as before, the first root, and assuming the 
series to be expanded in the form 

2**A*^ •• •• (*2) 

0 

we find that the terms in odd powers of x vanish and the coefficients of the 
even terms satisfy the recurrence formula 

2A(2A+6)+? 

‘*2A+2 “ (2A+2K2A+6) • • («) 

The series (42) will, therefore, never terminate and for * ■« 1 can be diown 
to bo divergent. The same remarks will apply to the aeries assumed for the 
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particular integral of (29), as its coefficients will ultimately satisfy the recur- 
rence formula (43). 

Hence, even if conditions (37) and (41) were satisfied, it is impossible for 
the boundary condition (34) to be satisfied, as does not remain finite at a: s= 1 . 

As a| is a first order term, while ^2 and are of the second order, it is 
impossible for ay to remain finite if a 2 and »» were not so. 

Hence we see that f j given by (9) cannot remain finite, and the conclusion 
is that no radial mode of oscillation is possible in this case. 

Case IL 

TJie demity varies inversely as the pth power of the distance, from the centre 
(where p is a positive integer excluding I and 3), except in a small, finite core of 
constavJi density surrounding the centre. 

Let a small core of radius a inside the star of radius R have uniform 
density, and let the density po undisturbed state outside the core be 

at a distance from the centre (a < < ^)- Pa uniform 

density of the core in the undisturbed state and p be the mean density of the 
envelope. 

Let 


a 

R' 


Hence 

Now 

Hence 

and 


“ OP “ JtfflP 

3 ^ ’ p-3\oP-» Rf 




if ^ 5^: 3 . 


, p(p-3)(iB*-a»)a>'-8i2P-8 p(jt»-3)/iP-8(l -,«•) i?'’ 

■ 3(jBP-8-aP-8) 3(1 -M'’-®) 


3ifc(l-#*'’-8) 


3p.(l-M'’-«)l*» 


(p-3)(l-/i8j,*P-8J?p- (J,_3)(l-#i8) ’ 

if 3. 


(44) 

(45) 


Tho value of gravity at a dwtanoe fo from the origin in the undiatnrbed 
state is 9o> whore 

So p 

»0 

[where 0 is the gravitational constant], 


* 1/jL _ -l—\ 


k 


Put if) m Rx, where < x < 1. 
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Therefore, we have 


4ir/fc(? f p 3 \ 

^0 - ^p-^)Rp-^x^ \^p-a "* xP-9 )' • • 


if p 51 ^ 3 or 1. 

Now, in the undisturbed state, 


Wo “ 

Integrating and rememl>ering that presanre is zero when fo = R, we 
have at a distance from the centre the pressure Pq given by 


3(p-3)Rap 


-2 [{p+f)M'’-«(a:»’+i 1 ) (2p-2) (sr2p-2 *)1' 


Now V - 

"0 

"" j:»( 2 p- 2 )a;^-“»(l 
when 3 or 1 . 

4 

We have a «= 3— a 


.. {4H} 


as before. (49) 


Also Po» ^ 8 *^® jstiren by equations (47), (48) and (44). 

Substituting these in equation (14), we have for the annular region:- 

[-3(p+l)MP-»a;*+p(2p-2)*P-i-{p(2p-2)-3(p+lVP-s):r2r]^' 


+ [6(p+l)(p-3)pP-®!B+(3-p)p(2p-2).r*'-2-4{p(2p-2) 
--3(p+l)p0-8}a!«»-i]^+[3«(p+l)(2p-2)p»’-» 

— ap{p+l)(2p— 2)a!»'-»+/a!'']a, «0 

where / = (p*-l)(p~3)f?PpP-2 

X> 

Let «i “ satisfy (51) . . 

0 

The indioial equation gives 

. _ (2p-5)±V(2p-6)«+8a(p-l) 

q « - 2 ’ 


.. (61) 
.. (» 2 ) 

.. (53) 

. . (5i) 


that is, two real roots, one positive, the other negative. We keep both the 
roots a« p though small is finite. 
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Equating the coefficients of to zero, we arrive at the following 

recurrence formula: 

fbx- p—{p(2p—2)—3(p+l)fMf‘-^}(X+q—2p+2){X+q—2p+5)bi^^ip+2 
+p(2p-2){(X+q-p+m+q-2p+5)-»(p+l)}bx p+i 
-3(/)+l)AtJ'-8{(A+g-2i»+5)(A+gr)-«(2p-2)}ftA = 0- («6) 

From (65) m' have 

/6a-p==A2[(p(2p-2)-3(p+1)m'’-^}6a-2h2 

-p(2p-2) 3+3(p+ 1) 

+A[{p(2p-2)-3(p+l)M"''’}(2g-4j)+7)6A .2p + 2 

~p{2p-2){2q-2p+S) b),_p ^ ^+S{p+l)p’‘-H2q+5-2p) ft/j 

+ [\ p{2p—2)—'A{p+l)pt-^}{q—2p+2){q—2p+ti)bx 2 /. i 2 

-p{2p~2){(q -p+:3)(g'-2p+6)-a(p+l) (fex- p I :j 

+ ^p+l)p»-■■ilq{5+q-2p)^»{2p-2)bx] ( 66 ) 

The coefficients of A* and A on the right hand side of (66) will Ix' simul- 
taneously zero, provided the following equations are simultaneously satisfied: 

{p(2p-2)-3(p-|-l)K-3}a:-p(2;»-21,v-|-3(p-|-I)^»’-»=0, .. (67) 


and { p(2p—2)—‘A{p+l)p>‘~^ j (2^— 4/>-l-7) a:— p(2/)— 2)(2(7— 3/>-f 8)y 


+ •!(?'+ 1) M''"“(2f/+6—2p) = 0, 


(6H) 


where 




"X 2p- | 2 

■ h 


ii.nd 


V = 


"A p i 3 


Holving (67) and (58), we get 


X = 




and 


jt)(2p-2)-3(p-+-l)/ir-.'* 

3pt>‘-8 


,V 


V 


This makes * and .v both less than 1, so long as p > 3 (as p i.s much less 
than 1). For jp 2, we have * ^ 


0 

~ — ^ , which < 1, if < \y and jy > 1. 

4 


It should be noted that the values of x and y which we have obtained are 
independent of A, and at least one of thorn we have provc^d to be always less 
3 

than 1 if /i < But, for the convergence of the series (63) when x = I, both 

X and y ought ultimately to be greater than 1 for p > 3, as 6 a •* a later term to 
both iji-sp+a and iA'-p+a! and for p mi2, x ought to be > 1 and y < 1. 



188 


A* C. BANBBJI: THE INSTABILITY OK RADIAL OSClLUlTIONfi 


It is impossible, therefore, for the ooefficientB of A* and A in the right hand 
side of (56) to vanish simultaneously, if the series is to be convergent* 

As the Cepheids have all finite periods and we are not considering an 
infinitesimal core, both n and /a are finite. Hence / given by (62) is finite. 

Hence the ratio i — is of the order of A^ or A and the series (63) 


diverges when x ^ 1. This is because when p > 3, is a later term than 

^ 

feA-2© + 2 — must be less than 1 for convergence* When 

ox.^2p^ 2 


p ss 2 the ratio 


^X^2p + 2 


must be 1, heiuje coefficients of A^ and A must vanish 


in this case, and the series would again be divergent. 

It need hardly be mentioned that the series cannot terminate. 

H, K. Sen has given an independent proof of this result in a paper to bo 
published. 

With proper substitutions equation (15) becomes 


3(|)+l)^p-8a;2+p(2p— 2)a;P“*^— {p(2jp— 2)— 


+ [6(p+l)(p-3)p.P-8x+(3~p)p(2jp-2)a;»»-2--4{p(2p--2)--3(p+l)M'’’'®} ' 




dx 


+ [3a(p+l)(2p-2)Mp-8^ap(p+l)(2p-2)a:^'-#+/'a;^>2«a .. .. (69) 

whoro /' - (pS- • 

and Q is given by (18), 

As in the case of equation (51), we can show the series for the oomplo- 
mentary function of (69) to be divergent. 

For the particular integral of (59) we note that Q is a function of ax, and, 
hence, diverges, as we have proved ai to be divergent. Hence the particular 
integral of (69) is divergent. 

Therefore no convergent series solution for (69) can bo found. 

The equation (16) reduces to 

[-3(p+l)p'’-»*“+p(2p-2)*'’-i-{p(2p-2)-3(p+])M»’-»}»*»>]^ 


+[ 6 (p+l)(p— 3 )#*'’-«*+( 3 — p)p( 2 p— 2 )a:P- 2 — 4 {p( 2 p-> 2 )— 3 (p+l)fi»’-»} 

+ [ 3 a(p 4 ’l)( 2 p— «p(p+l)( 2 p— .. .. (flO) 

where Q ^ given by (18). 
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V 


Now when a: » 1, 

Po -0. 

Pqv = ffoPofo = 1^; 


+ 1 7 




4nk^O 




3(p--3)iJ2x’-2 a:2r 


'-2aP“8 


* 3(p-3)JR*P'V'’ ® ’ 

a finite quantity, 
and V -► 00 , as Po sc 0. 

Hence, equations (61) and (62) become for finite Ui, a^y 

“■'■"(i ■■ ■ 

+ ^r+i){^ - J (r+»f^.- - »• 

Now from (64) we have 


(61) 


The series solution for (60) can similarly be shown to be divergent. 

Hence none of uj, ag and in the expression (9) for fi is finite. 

The boundary conditions (24), (25) and (26) follow from the equations 
(14), (15) and (16) when Ui, a* and ag are finite. 

This we show as follows. Dividing each of the equations (14), (15) and (16) 
by V, we have 



+ {'-j(v+l>}».- ■■ .. 

4 —V , « (1 . n^po 3 1 > « ) a 

$ov ~ P„vY 4 ^’' 


(62) 


(63) 


(64) 


( 65 ) 
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Hence we have 

1 ifh || V 2 ^ / 1 \ ® 2 

I «(3>' + I) _2 . 1 ,o_ ,v„ „ , 

™ ^ 9 * 

Also we have from (64) 



Hence we have 

1 (y+i)|“- - - j(y+i)fo«i'‘' 

=* j (y+l)?o"i'“- 
Therefore, equation (65) beoomeH 

iSitni1arl.y we have, whe>n in finite, 

^ 3 ' + 1 ^ ^8 + j + *+*1 ®= (^'^) 

Equations (64), (66) and (67) are the same as the boundary conditions 
(24), (26) and (26), 

HtMToe it is impossible for the boundary conditions to be satisfied, as 
«!, a^i oe remain finite at a: = L 

As ax is the predominating first order term in the expression for $x in 
(9), (i becomes infinitely great when a? » L 

The conclusion, therefore, is that no mode of radial oscillation is possible 
in this case too. 

As regards the variation of density in stellar configurations, some discus- 
sion seems to be necsessary here. The Trumpler*s (Chandrasekhar, 1938) 
stars are very massive stars. Inference from observation leads to the conclu- 
sion that these stars are more or less homogeneous gaseous configurations. 
But Trumpler's stars are not Variable stars. Kopal (1938) states, *If 
the hypotheses involved in the present state of the pulsation theory are correct, 
the density condensation of Cephedds must depend widely on their spectral 
class. With advancing spectral type the central condensations seem rapidly 
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to diminish, and the 8 Cephei-F 5 stars seem to approach the limit of homo- 
geneity/ Chandrasekhar (1936) states ‘the giants should be expected to 
he more homogeneous than the main series stars’. ‘The Cepheids and the 
Cluster- type Variables’ which occur in the ‘Super-giant ’ n^gion of the Hertz - 
sprung -Russell diagram must be much less concentrateHi towards the centre 
than the typical main series stars. Eddington has also emphasiHed that the 
Cepheids shoxdd necessarily be more homogeneous than ordinary stars. 

Eddington (1941) has enumerated two outstanding dihicuitieH in t)u^ 
Pulsation theory of Cepheid Variables, viz., (1) the quarter-period retardation 
of phase between the flow of heat in the main part of the interior and the 
outflow from the surface; and (2) the existence of a period-luminosity law. 

Eddingkm believes that a close connection exists betwr^en the period - 
luminosity law and the quarte’-period retardation, and that there is a critical 
hydrogen layer not far below the photosphere where ‘the liydrogen is in tlie 
mid -stage of ionisation so that it is ionised atid de-ionised in the eours(* of 
pulsation’. He thinks that the period -luminosity law t^an only Ix^ explained 
on the iiypotliesis of a critical ionisation in a lay(»r near the f»hotosjdiere. Now, 
the period is affecUid by the changes of density, and the luminosity depends upon 
tlie mass of the star. Hence, a period-luminosity law is effectively a density-mass 
[•(elation. It implies that for a given m(UH, there in a narrow range of density for 
which the star can pulsate. For this leason some modification of stellar material 
is required. He thinks that there is a sharp drop in the ratio of specific! heats 
at the inidstage of ionisation in the critical hydrogen layer. This critii^al 
layer stortis in the form of ionisation the temporary excess of nuliant (uu^rgy 
Hcciimulating during quarter-p<xriod delay in omission. The /naintaiuing 
energy of tho pulsation comes from the change in the rate of liberation of 
sub-atomic energy which varies with temperatxire and density. Due to this 
variation, mechanical work is produced through the same process as that of 
a thermodynamic engine. Heat is thus addcnl to th<? material when it is af- a 
high temperature and subtraettd when it is at a low tonipcraturc. If this 
maintaining energy exceeds dissipation, then only pulsation can occur. The 
(iXiicss of this energy may be due either to a sudden inert 'ase of maintaining 
energy or to a sudden deca’ease of dissipation. This maintaining energy can 
increase if there be. a source of sub-atomic energy which is esjxecially sensitive 
to temperature. But Eddington thinks that this cannot explain tlu! existing 
sequence of Cepheids in which the stars of short period have much higher 
iutonml temperatures than those of long i)eriod. He believes that Cepheid 
pulsation is associated with a transient deoroas^^ of dissipation. 

It may be mentioned here that it is found from observations that tlu' period 
of pulsation of many Cepheid Variables changes less than 0-00002 per cent 
per year horn which it may be concluded that on the basis of general pulsation 
theory the radius of such a star remains approximately constant within the 
same limit. Gamow (19396) therefore concludes that the energy-liberation 
in Cepheid Variables which are red giants is due to some ‘nuclear reaction 



192 A. C. BAKBRJI: THR IKSTABIUTY OF BABtAL OSOIIiLATIOKS 

which is going faster and at a lower temperature than the reaction in the stars 
of the main sequence *. It is also surmised that the Cepheid Variable would 
contain in the interior a comparatively large amount of light elements such as 
lithium, beryllium and boron. These become consumed by the time Cepheid 
Variables cease to be pulsating stars and reach the main sequence. 

In another paper, my research scholar, H. K. Sen, will show that, in the 
case of radial oscillations of a star, except for (i) uniform density and (ii) density 
varying inversely as the square of the distance from the centre, the series 
for ai would become divergent even when we neglect terms of the order of 
So our pulsating stars must either be homogeneous or have density varying 
inversely as the square of the distance from the centre. 

As shown before dynamically, a passing star will bring about some sort 
of resonance phenomenon, by increasing the amplitude of pulsation through 
tidal influeuce and making the system unstable, so that matter is ejected to 
suitable distances to be formed into planets. 

Now, let us calculate approximately the kinetic energy in ergs that must 
be imparted to the planets so that they may revolve round the Sun and rotate 
about their own axis. 

Taking the mass of the earth, semi-axis major of earth’s orbit, and the 
earth’s radius to be unity, we have approximately from observations (Rus^ll 
et ol., 1926) 

Tabi<b I. 



Planets. 

Semi-Axis 
major of 

Sidereal 

period 

Axial 

rotation 

in 

Mass. 

Radius. 

Mercury 


Orbit. 

0-39 

in years. 

0'24 

sidereal 

days. 

88 

•04 

0*39 

Venus 


0-72 

0*02 

0*96 

0*81 

0*97 

Earth 


1 

1 

1 

1 

1 

Mars 


1*6 

1*9 

1-06 

0*11 

0*63 

Jupiter 


6-2 

lie 

0*42 

817 

11 

Saturn 



29-6 

0*42 

95 

9 

Uranus 


19*2 

84 

0*42 

14*7 

4 

Neptune 


30 

165 

0*68 

17*2 

3*9 

Pluto 


40 

249 

, , 

0*1 

. . 


Now, if be the mass of the Earth, the semi-axis major of the Earth’s 
orbit, the sidereal period of the Earth’s revolution round the Sun, the 
period of the Earth’s axial rotation and the Earth’s mean radius, we 
have (Bussell et 1926) 
gms. 

f^,^l‘6xl0i* oms. 
y^--3'16x 107 secs. 

<^^23-9x60* sees, 
if 6*37 x 10* oms. 
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Kow the kinetic energy of revolution of the planets round the Sun is 
where M is the mass of a planet, r the mean radius of its 
orbit round the Sun, and a> its orbital angular velocity. 


Hence we have 




2 ir*r* 

[where T is the orbital period] = y~’^y Kepler’s Third Law. 

Hence we have 
2w2f|, M 

M ‘ — ^ from Table I, i,e. ij 2x10^^ ergs, on sub- 

^ E ^ A 

stituting for and . 

Taking account of the asteroids and the satellites, we can put 
/i < 3 X 10^‘^ ergs. 

Now the kinetic energy of the planets due to axial rotation is 
/g aas i where M is the mass and k the radius of a planet, and is 

its angular velocity round its axis. 

Hence we have 

jg sa > where t is the period for axial rotation of a planet, 

jjif njc 

rpi r _ A A w o w infi TolUii T 


Therefore, /g- 




X 8 X 10# ergs, from Table I. 


Substituting for Mj^., and and taking account of asteroids and planets 
we can put /* < 10 ** ergs. 

The gravitational energy of the planets, W £VM, where V is the gravi* 
tational potential at the planet of mass M due to the Sun’s attraction 
■ 1^0 2 ~ I where © is the Sun’s mass and y is the constant of gravitation. 

Now, G “ 1-983 X 10 *# gms. 

and y •« 6' 673 x 10"® C.G.S. units. 

»F ~ ? 0 — X 76 ergs 

~ 2 X 10#* ergs. 


Hence we have 



194 A. 0. BAKBRJI; THK TNSTABmTY OF KABTAI. OBOILLATIOFIB 

Hence the total energy of the planetary system 

--h+h+w 

< 6 X 10^^ ergs. 

Now, a(j(!ording to Eddington (Int. Const. Stars, p. 289), the total store 
of available heat energy of the Sun consists of 2*97 X 10*® ergs in the form of 
material kinetic energy and radiant energy and an unknown amount of energy 
of ionisation and excitation which is less than 2-7 X 10*® ergs. 

It will iu)t be unreasonable to take the total available energy at least to 
be 3 X 10*® ergs. 

total mass of the planets would lie between 0/500 and 0/1000. 

Hen(H5 the total energy stortMl up in them, when they were not sepaiated 
from the Bun, would be at least 3x10*® ergs. This is at least 500 times the 
present energy of tlie planets. 

There is also no difficulty about the angular momentum. In order that 
Pluto, which is at a distance of about 42 astronomical units from the Sun, 
may not be captured by a passing star whose mass is equal to that of the 
Sun, the star must at least be at a distance of 100 astronomical units from the 
Sun. Now, taking the angular momeutum ptsr unit mass of the Earth to be 
unity, and using the fortnula \/l(l+x) for angular momentum per unit mass 
of the star whcrci I = semi-latus rectum =» 200 astronomical units, and x =» 
ratio of mass of the star to that of the Sun « 1, we get the angular momentum 
per unit mass of the passing star to be \/ 400 « 20 units. Hiis is more than 
sufficient to give the necessary angular momeutum to th<‘ planets to rtwolve 
round the Sun, as the average angular momentum per unit mass for the plane- 
tary system is 2-63 units. 

We first picture the Sun as a Ceplieid Variable, oscillating with a small 
amplitude. The near-by passage of a star — the passage, be it noted need 
not be grazing, or even very near, but only sufficiently near to produce appn3- 
ciable tidal disturbatice m the Sun — ^increases the amplitude of the oscillations, 
which consequently become unstable, as we have mathematically shown, 
lliis results in tijeotion of matter, which subsequently condenses into planets. 
We have already shown that the total energy which can l>e availed of by 
ejected matter tixc*etHia by far that which is roquirtKl for the formation of the 
planets. Only a part is iitilisod for this purpose, the rest is dissipated by 
radiation and escape of material. 

Instability having ensued by the passage of the stai*, the Sun would dra^v 
on its sub-nuclear sources to provide enough energy for the ejection of material 
and return to a stable state. This energy is, OvS we have seen, a very small 
fraction of thts total energy of the Sun, and would be utiUsad in part to form 
the planets. The consequent loss of mass would perhaps hasten the passage 
of the Sun from the giant to the moin-sequenoe stage (Gamow, {oc. oit., p. 7 IB) 
and the oscillations of the Sun would ultimately die out. 
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The passing star would, as we have already said, give orbital momentum 
to the planets, and the rest of the development of the planetary system would 
be as in previous theories. The main difficulty with these theories has been, 
as we have seen, the supply of sufficient orbital energy and angular momentum 
to the planet/8, and I have, therefore, specially considerwl this aspect of the 
cose in the theory developed hene, which I believe to be the hrst of its kind 
in the field. 

A cogent objection may he raised on the ground that we have taken the 
mass of the parent Cepheid star to bo equal to that of the Sun, whereas the mass 
of a Cepheid varies generally from five to twenty times the Sun^s mass. To 
meet this objection we can formulate an alternative hypothesis and examine 
its feasibility. 

Ijet us take the mass of the parent Cepheid to be that of tlie representative 
Cepheid, 5 Cephei, which is nine times the Sun’s mass. Now, taking Edding^ 
ton’s (Int. Const. Stars, p. 14(5) figures, we have the radius R of the star 
* 2-32x1012 cm. 

The n^ative gravitational potential energy in contracting from iiffinite 
diffusion to present radius » ^ y ^ 1-4x10*® ergs, from which we get 

material kinetic energy, radiant energy and energy of ionisation and excitation. 

Now, on account of dynamical instability caused by ntjar-by passage of 
a star of mass of the same order as 8 Cephei, material will be ejected from the 
parent Cepheid. Let us calculate the energy required in ejecting material 
of mass more or less equal to that of the Sun to a sufficient distance so that 
both the Sun and a part of the planetary ribbon that is formed may escape 
recapture by the parent star. 

The average (Smart, 19 t 18) difierential velocity between two stars is 
about 20 km./sec. As the ejected material had originally been a part of the 
parent star, the differential velocity between the parent star and the ejected* 
material due to near-by passage of a star can hardly exceed 10 km. /sec. 

If we take the differential veio<jity to be 8 km./sec. for the ejected material 
with a part of the ribbon, then in order to escape capture by the parent Cepheid 
it must Ik) ejected to a distance greater than d given by 

v2 a® 2y ■ , where v tmS km./sec.; 

d 


whence we have 


d » 


18y0 


3'6 X 101^ cms. 

The radius of the parent Cepheid being 2'32xl0i2 om., the material 
equal to the Sun’s mass will have to be ejected to a distance at least 1000 
times the radius of the parent star in order to avoid recapture by it. 

Our hypothesis is that this ejected material with part of the ribbon ulti- 
mately condensed into om Sun and the planets, the passing star as well as the 
'■ 4 ■ . . 
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parent Cepheid being responsible for giving orbital motion of the planets 
round the Sun. 

Now Pluto is at a distance 6x10^^ crns. from the Sun. If at any instant 
it oonies between the parent Cepheid and the Sim, its distance from the parent 
Cepheid would be at least of the order of 3 x 10^*^ cms. 

As ’ there was no chance of Pluto being recaptured 

by the parent Cepheid. 

According to this theory, the parent Cepheid would also have a planetary 
system round it. 

The energy required by the Sun to be ejected to the distance of escape 
and to have a velocity of 8 km. /sec. is given by 


W . 


Qv^+l Qa^u,i+ I y ^ + iy ^ ^ 


where a is the radius of the Sun = 6*96 X lO^® ^m., 
V sss 8 km,lBec. 
and w » angular velocity 

2n 


2BX24X60« 


C.G.S. units, 


as period of the Sun*s axial rotation is about 28 days. 

Substituting these values, we have 

If <6xl0«ergs. 

The Sun has therefore taken about two-fifths of the energy of the parent 
Cepheid. 

As the passage of the star by the representative Cepheid need not be 
gracing or even very near, and as only two bodies are involved, the theory 
makes a less number of assumptions than any other recent theory, and is 
definitely more probable. One conclusion seems to he irresistible: K the 
theory be correct in its essentials, there may be more planetary systems than 
at present supposed, and, if life on this earth be the result of an orderly natural 
process, some of these other planets may be inhabited by beings like us. 

We hope to consider the details of the dynamical configuration of the 
planetary system in a subsequent paper. 

My thanks ore due to Mr. H. K. Sen for kindly revising the paper and giving 
useful suggestions. 
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ON THE COLLISION BETWEEN MESON AND ELECTRON. 


By S. Guota, Department of Applied Mathemaiics, Cakutta Univeraityf and 
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Abstbaot. 

The aroBBoseotions for the meBOii'eleetrori oollieion for different valoeR of spin of meson 
are investigated from qnanttim eleotrodynamioe. In the first article the Hamiltonian 
containing the interaction of meson with the electromagnetic field i» given, and in the 
second article the matrix elements of the interaction between meson and electron for 
different polarisations of mescni are calculated. The cross -sections are then evaluated in 
the third article and in the fourth article the l>earing of the results on the spin of the 
meson is discussed. 

iNTROBtfOTION. 

The caHoode showerH observed under a great thickness of matter are known 
to l>e soft secondaries produced by the meson (component of cosmic radiation. 
It was first suggested by Bhabha (1938a) that these showers are produced 
in ordinary cascade process by the electrons which are knocked out of the 
atoms by the incident meson. The interarition between the two charged 
particles, which is involved in the calculation of the collision cross-section for 
this knock-on process, was first successfully worked out by Miller (1932) 
from the scheme of quantum mechanics by a correspondence method, He 
calculated the interaction between two elections and found out the corre- 
sponding collision cross-section. Tn Miller’s theory one first constructs the 
retarded potentials which are produced by the charge and current densities 
due to the transition of the first electron and these potentials are then considered 
to act os a perturbation on the second electron causing its transition. The 
retarded potentials are determined from the time dependent Poisstm's equa- 
tions as is usually the practice in classical t^ectrodynamios. The connection 
between Miller's retardation or correspondenct' method and that of quantum 
eleotrodynamioB was first shown by Fermi and Bethe (1932), who hod been 
able to deduce M^ller^s interaction from the latter method. The collision 
crosB-Beotion for the knock-on process could be easily taken over from Miller’s 
work of the scattering of electron by electron if we assumed the me»on to be 
posaesBed of spin half. This was done by Bhabha. But if the meson obeys 
Bo8o-Htatistios and has spin one, the corresponding calculation of colliBion 
croBB-seotion becomes complicated, for then the three states of polansations 
of meeon have to b^ properly taken into account in considering its interaction 
with the electron. Recently, however, Massey and Corben (1939) have worked 
out the collision crosB-Beotion of a meson of spin one with the elecitron foUowing 
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closely the correspondence method of Mailer. Tlie calculation runs exactly 
parallel to that of Miller because, as shown by them, the matrix elements 
of tlie interaction energy of the meson with the electron can be expressed in 
the same form as that between the two electrons in Miller’s theory. This 
can be easily seen by expressing the interaction Hamiltonian between the 
meson of spin one and the electromagnetic field in terms of the charge and 
curi-ent densities of the meson, taking thereby the scalar and victor jMitentials 
of the field to be produced by the charge and current densities due to the 
elecitron transition. Now the effect of retardation in M<^Uor’s theory is, in 
fact, responsible for the relativity con*ection to the denominator of the in- 
teraction matrix making it an invariant to Lorentz transformation. The 
retardation is therefore already included in the interaction Hamiltonian in 
quantum electrodynamics, which gives rise to mutual emission and absorption 
of photons between the ohargcjd particles. It may, therefore, be of some 
interest to work out the interaction between a meson and an electron and 
their collision cross-section directly from quantum eleotrodynami(?s. This 
treatment will obviously present a clearer picture of the interaction process 
and also simplify the calculations. As there has been some confusion in 
recent years about the values of the spin of meson, we have in the following 
articles calculated the interaction energies and the collision cross-section of 
the meson of spins zero, half and one with the electron and the nature of the 
variation of these cross-sections are shown explicitly in the aocompan 3 dng 
figures. A discussion on the results obtained together with their bearing on 
the spin of the meson will be found in the last article. 


§1. hdetaciion e.ne.rgy of meeon with radiation field. 

We shall first write down the Hamiltonian containing the interaction of 
meson with the electromagnetic field. This has been given by various authors 
(Kemmer, 1938; Frbhiich, Heitler and Kemmer, 1938; Bhabha, 19386; Yukawa, 
Sakata and Taketani, 1938; Kobayasi and Okayama, 1939; Frohlich, Heitler 
and Kahn, 1940) and we shall follow in the ]>resent article the notations used 
by Heitler. If A and V are the electromagnetic vector and scalar potentials 
and ^ and ^ are vectors representing the wave functions of the transverse and 
longitudinal mesons respectively, then wo can express the interaction terms 
in the Hamiltonian in the following way 


HI « - 


inkc 


m 


%e 

4TrAc 


[ div r (a, <l)+(rot ** . [a. 

—conjugate terms|dr*, .. .. (1) 

I V (Xift + ^ (tonjugate tetin8|dr . , (2) 


^ h denotes the Planck’s oonstant divided by 2tr. 
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We have neglected thereby the terms proportional to A^. We now expand 
the wave functions of the meson into plane waves and quantise their ampli- 
tudes by the Pauli- Weisskopf (1934) method and obtain 

k ^ k 

k 

k 

Here k is the wave vector in the direction of motion and j is the unit vector 
in the direction of polarisation of transverse mesons. The operators a, a*, 
Ay A* ^ etc., were introduced by Pauli-Weisskopf and have the following 
meanings : 

a\ increases the number of transverse positive meson by one, 

„ „ „ transverse negative meson „ „ 

A\ „ „ „ „ longitudinal positive meson „ „ 

B\ ,, „ „ „ longitudinal negative meson „ „ 

Similarly, the operators a^byA, B without asterisk decrease the corresponding 
number of mesons by one. Further w© have 



«= he \/fc*+A*, 



where M denotes the mass of the meson. The wave vector k is connected 
with the momentum p of the meson in a different way for positive} and negative 
mesons. 

For positive meson : P ®*t cAk, 

For negative meson : p » — cAk . . . . . . (5) 

For the light quantum the corresponding relation is 

K » Ai' M cAq (6) 


where q is the wave vector of the photon. The introduction of wave vector 
instead of the momentum, as will be seen later, ensures the symmetry between 
the positive and negative mesons. 

W© can as usiial eliminate the longitudinal part of the electromagnetic 
field and replace the scalar potential by Coulomb interaction. A then re- 
presents the transverse port of the vector potential only and can be expanded 
as a Fourier series 
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where m a unit vector in the direction of polarisation of the wave vector q. 
and C* are o}>erator8 wliich signify 

C* increases the number of photons by one, 


C decrciises ,, 


t* tt 


Now inserting the values of A, iji, etJ-., as given by (7) and (3), in (I) an<l 
(2) we obtain 

- 2 2 2 !>->■■+«+«;* ,k-v-„j 

k A’ '/ 

X ^ j (!' (ek)+ (ek')) 


+ ((fj'k'i . I je]) + ([jk] . 

+ ^ { (£?,>'(«)- . [ek'i))(«,^;.-6;.«,. ) 

- {E,k'{Bi ) + ^ (flkl [ek'D) {%B,.-b-M 

- {E,.k. (ej')- ^ ([J'k'][0k]))(^t4.-Bl.6».) 

- {Et.m')+ ([rk'][ek1)) ) } ] 


-i . jfc jfif (-(1+ 


V^.m j 
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If we aeaume a pure Coulomb potential between the meson and electron then 
this reduces to 


V 


kk' 


47re® 


(H) 


The interaction f/^ giv(w rise to varionn transitions involving light quanta. 
In this paper we shall, however, be interested only in the matrix elein<*nts 
of £f^ for the transitions in which a photon is emitted or absorbfni hy the 
meson. The tnteraotioii causes transitions in the electrostatic field between 
the memon and the electron. 


§2. Total nmfrKT element of the interaction hetnmn the nie^on ami the (dertron. 


The total matrix element for the transition from the initial state in 
which the meson and electron have wave vectr)rs k and k^, to t he final state 
F witli the wave vectors k' and k^ tionsists of t wo parts. The first part is 
the matrix element of tlie Coulomb interaction between tlie particles which 
causes direct transition to the final state. The second part is the matrix 
element of the interaction of the particles with the radiation field and the 
transition from initial to final states takes place through an intermediate state. 
We have thus 


H 


AF 


H 


AF 




.. ( 12 ) 


where the summation has to be taken over all the intermediate states n which 
we shall denot<j by I, II and also over all directions of polarisation of the 
quantum q. 

We consider the following sets of transitions: 


Initial nmon longitvdinal, fined meson longitvdinaL 

L A longitudinal meson (positive or negative) with wave vector k 
emits a photon with wave vector q and goes over to the longitudinal state 
with wave vector k'. The law of conservation of momentum gives 


for positive meson : k' « k—q 
for negative meson : k' =* k+q 
We obtain the corresponding matrix element from (8) 






.. (13) 

.. (14) 


The photon 9 is then absorbed by the electron with wave vector 
(momentum p^) whioh goes over the state (momentum p^). We have 
from the oonservation of momentum 
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i»e. for positive meson: — Q *=» +(k^'~k^) *= — (k— k') 
for negative meson: — q » ^k^— k^j as (k— k') 

The corresponding matrix element is as usual given by 

■-ej^{u*'(a»)u) ( 17 ) 

wheri^ u and u' are the amplitudejs of Dirac *8 wave functions of electron for 
the imtial and final states and the vector a is Dirac’s matrix. 

2. The electron first emits a photon q' which is then absorbed by the 
meson k. This is the second intermediate state II. From conseiwation of 
momentum we have 

« P,-P; « Q' = “Q (18) 



The matrix elements are the same as case 1. 

3. The transition from the initial to the final state may also take 

place directly in the mutual field of the particles due to interaction without 
involving any emission or absorption. We get from (9) 


27remc^ E+E' (kk') ^ 


The energy difiFerenoes E^-^En are 

E^-E„^E-E-^-k .. 

whereas the conservation of energy gives 


.. ( 19 ) 

.. ( 20 ) 


E-E' = -(i?,-ij;) « (21) 

The total matrix element (12) thus becomes 


H 


louff-lotiflr 

AF 


2w e«*«cg 

'^/W 




.. ( 22 ) 

where n and n' are the unit vectors in direction of the wave vector of the 
meson in the initial and final states and given by 






0 as 


k 

k* 


n' 



(23) 


We shall now have to sum over both dii*eetions of polarisation of the photon. 
Let ei and be two unit vectors in the direction of polarisation, Then if 
A and B be any two vectors* we have 


2(eA)(«)-(AB)-<i^^^?^ 


.. (24 ) 
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Applying thi« to (22) we obtain finally 

[(S+S’Xiin'M.-.) 

-Ac{(ibn'+^'n) . .. .. (25) 


Initial meson transverse, final meson transverse, 

1. A transverse meson (positive or negative) with wave vector k emits 
a photon with wave vector q and goes over to the transverse state k'. The 
matrix element is 




Al 


l2c2 / 27r 

2 \} EE'hcq 


^2 


|([jk].[j'e])+([i'k'].[je])) 


(26) 


The photon q is then absorbed by the electron k^ which changes to k^ 
and BO 


H 


IF ‘ 


f2nhc ,, 

-V— 


(ae)?/) 


(17) 


2. The electron first omits a photon q which is then absorbed by the 
transverse meson k. 

The matrix elements are the same as in (1). 

3. The transition takes place directly due to Coulomb interaction. 

The matrix element is 


Haf 


2?re2A2c8 E+E' 




The total matrix element (12) thus becomes 


(27) 


^trani!f-tran8 


y/EE' L '' 



{fc([jn].(j'ej) 


+fc'(f J'n'] . [je]) } («• '(ote)«) J . . (28) 

If we now sum over the directions of polarisation of the photon, we obtain 


jgrtranB-trans 


2ff«!W 1 

(«*--«*) y/E^ 


[(2i?+£')(M')(«*'M) 


-*e(lk[[ia]iW[[i'a']i]) ■ («*'««)] 


(20) 


Initial meson longitudinal, final meson transverse. 

1. A longitudinal meson (positive or negative) with wave vector k 
emits a photon with wave vector q and tronsfonns into a transverse meson 
with wave vector k\ The matrix element is 

ieko / 27r ( „ F 
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The photon Q is then absorbed by the electron which thereby goes 
to the state k^, whence we have 

“ (17) 

2. The eleeiron first einits a photon Q whieli is then al)florl:Kxi by the 
longitudinal meson k. 

The matrix elements are the same as 1. 

.H. The transition A-^F takes place directly due to Ooulomb interaction, 
and so we have 

The total matrix element (12) becomes 

_ _i2^ ryww) 

A y EE L ^ 

+ {rifc(iri') I («•'(«»)«) J .. (32) 

On summing c»ver the polarisations of the photon we get 

-kc {E'W+Ek' [[I'n'] . n]) . («*'««)1 . . (33) 

Initial nieam trammrHt, final rneson longitudinal. 

The total matrix element in this case k the same as when the initial 
meson longitudinal, final meson transverse with the roles of the dashed and 
undashed quantities interchanged. 

We therefore obtain 

^tr.n».lon« ^ [(*MAa+i?i5')(n'l)(«*'«) 

-Ac (M'i+rfc[[in]. »']).(«•'««)] .. (34) 

It is to be noted that in the intwaction matrix elements (25), (26), (33) 
and (34) the denominators are invariant as they form the sum of the squares 
of the four vectors of energy and momentum. Since the numerators are also 
invariant, being the product of four vectors forming the charge and current 
of meson and electron, the complete interaction matrix element is invariant. 
For the sake of comparison we now give the corresponding interaction 
matrices for the interaction of meson of spins zero and half with the electron. 

The Hamiltonian for the interaction of masOn of spin zero with the electro* 
magnetic field has been given by Pauli^Weiakkppf (1934). 
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><((ek)+(ek'))(^^*,+J?’5j.-i?*>4^,-^^B^,) .. .. (35) 

.. .. (36) 

Working out as before we obtain the total matrix element 
2rrA^A^r^ 1 

^ [(Ji'+£')(u*'u)—/ic(len'+k'n) . (u*ocw)l (37) 

The total matrix element of tlie interaction between the meson of spin half 
and the electron can be at once obtained from Miller’s result. It is given by 
(Hoitler, 1936) 

„ 4r7rC®/|^C® r / *' \/ ’*'* \ / ■*' \ \'l /»»ov 

^ ^ .('**««)].. . . (38) 


where the suffix m refers to the meson. 

§3. Gahulaticm of the coUisicni croaa-aecMone. 

We consider the collision between mesou-ehiotixm in a co-ordinate systtmi 
L in which the meson is moving with velocity v along the g-axis and the 
electron is initially at rest. There is no loss of generality in doing this sin(j<^ 
any other case can be obtained from this by a Lorentz transformation. The 
differential cross-secjtioii for the scattering of mesons through an angle B and 
B-^dJB about its initial direction of motion is given by 

(39) 

H is the interaction matrix which has betm already given ir) the hist 
section. E^. is the total energy in the final state. Since th<‘- differential 
cross-section (39) is an invariant for a Lorentz transformation if we pass from 
system L to another system U in which the meson and the electron arv moving 
in opposite directions along the z-axis with equal momentum, we shall, for 
convenience, calculate the differential cross-section in the system L* for the 
scattering of meson through an atigle $* and in the subsequent 

disoussions suffix e refers to the quantities for the cltMitron and the dash refers 
to the quantities after the collision. Further frotn now on we shall express 
all the ©xpreesions in tenns of the momentum p and it can be easily seen 
that the fiml resulte shall be stUl valid both for positive and negative mesons. 
Since in the system U the momenta of thn meson and the electron are alst) 
equal and opposite after the collision we have the following relations for that 
flryetem 

P! » -P*. P: - -P", I P" I » I P*1 “ . . (4«) 
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E* - jB*' = Mc^oLy* JfcV 

0 e oC'ry 


Further B is conaected with 8* by the formula 


where 


1 B* 

tan 0 ws -V tan ^ 

y 2 


y "t'Oc ^ JS! 

(«*+2ay + l)i’’'”^ 


m being the mass of the electron. 

The differential cross-section in the 83 rstem L* is thus 

Now in order to obtain the result which is of physical int^erest we shall 
have to average over initial, and sum over the final, spins of the electron and 
polaiisations of the meson in (44). For the electron this summation and 
averaging is well known, For the ease of meson we have actually to sum 
over two independent polarisations of scattered meson and average over the 
three polarisations of the incident meson. If we denote this operation by a 
bar, the following relations are obtained 

W)^ - I (l+oo 8 *r ), (if)* » (£ 1 )* = I einW, 

(ij')(n'j)(jr) - - 1 008 r anW , (nJ')*(iiT)« = i . . ( 46 ) 

Then after some calculation we get 

I rr»lontt-lon« tS ^ 1 a* 

d* a*Jlif*c*+ COB B +oo8 B ^ ^(l +oob 9 )] > (46) 


j»tr»iis-tT»nii |2 


^ t *9/ 09 M 

+a*Jf®c‘ +<*)(! +oosV)+8j»’*^X (1 4- cos ej 
4.2/*{4(l+oo«tf’)^^V(l~oos »*)}], , 


.. («) 
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j^long^trans |2 ^ | jy^traue-lorup |2 

w^e*h*c* 1 r.,«. 


1*^(1 -cos 8*y [p^cme sin*^* 


2E*^p’* 


E*ip''* 


"W 

+K^ + ^y^y^ “«'«*] • • • • • • (^8) 

With the substitution of these values in (44) the differential eross-seetion 
finally itjduoes to 


sin 0*d$* 1 p2E*^ ^ ^ , 2oLm^cA^ ,, . „ 

^ ’--Q (T^b r? ■ Iw i i 


cos*fl*) 


(^■^JfScV {l + COB +— Vip-jl 


+ <»*)jl+2 OOB 0'+(l+^)(l_CO8e*)j 

v*2 

+ {6+{1-oo8 ey}(\+coB r)+^ {2(1-008 «>•)* 


+ (3 —008 ^*)(l + 0O8 $' 


•) } (1-008 0*)J 


.. (49) 


Similarly, the collision cross-section between meson-electron for meson of 
spin zero can be calculated. We have thus 

Tre* Bin^dr 1 f2E*^/, , . 2a2Jlf2cS 

4tE*E* ”1 

+ -^{l + oosr) + 2(l+oosr)J .. (50) 

The differential cross-section for the meson-electron collision when the 
meson has spin half is given by 

8“ ®*<*<>* 1 r OM . 


iS'E] / E'e\ 


+ -i.j2JlfV(l + «*) + 4i;X}co8<>*+ ^‘(l+^) 
+ ^ 


.. (51) 


The cross-section iB most conveniently expresBed in terms of the fraction of 
the initud kinetic energy of the meson that has been transferred to electron 
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on oollkion. If c be the ratio of the kinetio energy of the knooked*on electron 
to the initial kinetic energy of the colliding meson in the system then 


since 




^(1-008 «*) 


.. ( 62 ) 


cos , Jg; = yMc^ . . . . (63) 


Here is the maximum fraction of energy which can be taken up by the 
knocked*on elt^ctron and is given by 


2a(y+l) 

a2+2ay+l 


(64) 


ejimx tends to unity for suliicientiy large y, however large M may be. 



Fxo. 1, y - lOa^ - 0*605, 
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The oross-Beotion for the production of secondaiy electron of kinetic 
energy e and e+<fe by the meson of the total energy E thus reduces to 


» 211 * 


where we have— 


f— V 

\mc*/ 




.. ( 66 ) 


(i) for meson of spin one 

J’i(6,y) . ^ (y-I)(y»-l) e* 

Vy+’ e,/ 


6y* ^ 


.. ( 56 ) 


(ii) for meson of spin eero 




(iii) for meson of spin half 


y* 2 y2 


.. (68) 



S 
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§4. Ditotusion. 

An inspection of the equations (56), (67) and (68) shoNS tiiat the effect 
of the spin is practically negligible for small energies of the meson. But 
when the energy of the meson is very large compared with its rest energy, 
i.e. y>l, the contribution due to the spin begins to be important. We have 
for y>l 



J!H>(6,y)~ 1-^ (00) 

' Jfi(e,y)~l-i-+le* 

5 » 


.. (« 1 ) 
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We thus notice that in this region of high energy F^{t, y) against e is a 
stoaight line decreasing from 1 to 0, whereas y) against s is a ptwabola with 

vertex at /l— decreasing in value throughout the range c as: 0 to 

e SB But ase^;^! the vertex of the parabola cannot be reached. The 
behaviour of F^e, y) is rather complicated. It follows at once from (59) that the 

otv& 

effect of the spin one becomes considerable when i.e. when the energy 

loss X 10^® e.v. The curve of y) against e has the form of a cubic 
parabola and first rises for small e as proportional to e; then the term proportional 
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to e» begins to compete Avith it resulting in a change in the slope of the /t(e, y) 
curve until finally near the terms proportional to e and e> practically 
cancel one another and the curve behaves m due to the last term. The 
behaviour of F(yy z) against s as given by (56), (57) and (58) is shown in figures 
1-3. It is to be noticed that the characteristic rise of y) with the incident 
energy of the meson above an energy loss of 6 x e.v, is remarkable and is due 

to the transition of the meson from its transverse to the longitudinal state 
or vice versa during the meson-electron collision. The ratio of the scattering 
oroaa-sectiona of meson of spins one and zero, and spins one and half have 
been drawn in figures 4 and 5 against the fraction of the energy taken up by 
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the secondary elec^tron, i.e> t for different ineHoii energien. We find from 
figure 4 that there is a sudden enormous inere»xse in the scattering ratio at 
which is 0*505 for y « 10^, 0*91 for y «= I0» and 0*99 for y « 10^ 

This is due to the factor 1— —or more rigorously 1— e* which occurs 

in the denominator of the ratio of tlie cross-section. The corresponding 
scattering ratio for meson of spin one and half increases for an e'tiergy loss 

eJK ^6 X 10**^ e.v. as J**'**K^ energy transfer is perhaps responsible for 

the increase of the energy loss of the penetrating component of cosmic radia- 
tion with the energy for energies greater than 10'^^ e.v. — a fact which had been 
observed by Blackett (1937) and could not he reconciled with the ionisation 
loss calculated from Bloch’s formula, This tavours the meson of having a 
spin one. Further evidence for attributing spin one to meson may be funilshed 
by the observation on cosmic ray hursts produced by the perjctiating compo- 
nent in different mat/erials. 'Phe hursts are produced in cascade proc^ess l>y 
the high energy electrons knocked on by the mesons as discussed above and 
the frequency-size distribution of bursts as w'oll ns its dependence on different 
materials seem to support that the meson has spin one (Oppenheiiner, 1939; 
Opj)eiiheinier, Hnyder and Herber, 1940; Bhabha, Carmichael and Chou, 
1939; l.*ov©ll, 1939), But a quantitative analysis of the theory of bursts and 
its comparison with the experiments of Schein and Gill (1939) on the frequency- 
size distribution of bursts, which have been recently marlo by (Msty and 
Kusaka (1941), favour spin zero or possibly half and tend to exclude spin 
one for the meson. The theoretical oalculations of Christy and Kusaka 
contain, however, some amount of uncertainty which require careful consi- 
deration before any conclusion can be reached. As for example a pure Coulomb 
interaction between meson and electron has been assumed ir) the dedutrtion 
of oolikion cross-section for the knock-on process. But the closest distance 
of approach in collision for an energy loss e£ is of the order of 



and thus when the energy acquired by the knock-on electron excetwls 
IQi® e.v. this becomes of the order of the dimension of the electron and the 
deviation from the Coulomb field is to be taken into account. Further the 
Cascade theory of showers and the form of the fluctuations as assumed by 
Christy and Kusaka require revision. The contribution to the bursts from the 
low energy electrons should also be propeniy taken into consideration. W© 
shall discuss this elsewhere in a separate paper. 
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ON THE ORIGIN OP EXTRA SPOTS IN LAUE PHOTOGRAPHS. 
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Inteoduotion. 

NumerouH investigations, both theoretical and experimental, have been 
carried out during the last two years to explain the origin of extra spots in 
Laue photographs and various explanations have been offered. Since there 
is difference of opinion regarding the actual origin of these extra spots, and 
the explanations offered have not yet passed the controversial stage, it is 
proposed to discuss in the present paper numerous experimental results which 
have been published recently and also those which have been obtamed by the 
present authors, in the light of the existing theories. In view of line large 
volume of literature which has accumulated recently dealing with this problem, 
it was, however, thought worthwhile to include a brief historical review which 
might be helpful in understanding the significance of the various results which 
have already been publishtxi. 

Bbikf Histokical Review. 

The appearance extra diffuse radial streaks starting from the central 
spot in Laue photographs was first observed by Friedrich (19111), and Faxen 
(1923) first suggested that these streaks might be due to diffuse scattering 
of incident continuous X-rays by Debye heat waves produced in the crystal 
by thermal agitation. Faxen further showed that whtjn a monochromatic 
beam of X-rays of wavelength A is incident at a glancing angle $ on a set of 
lattice planes having the spacing d, there is a maximum in the intensity of the 
diffuse scattering which lies in the neighbourhood of the Laue spot in a direc- 
tion in the plane of incidence making a glancing angle ^ with the said set of 
planes, where 

d (sin^+cofi ^ tan « A (1) 

Waller (1925) also investigated theoretically the same problem introducing 
the normal co-ordinates of the lattice given by Born and Karman and obtained 
an expression for the intensity of diffuse scattering analogous to Faxen's 
expression. No systematic attempt, however, was made at that time to 
verify these theories experimentally. 
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Wadlund (1938) first observed intense but diffuse extra spots aooompamed 
by streaks in the Lane photographs of NaCI and Zachariasen (1938) put for- 
ward the hypothesis that scattering by two-dimensional lattice produced these 
extra spots and streaks, Preston (1939) made a careful investigation of the 
problem by studying the Laue photographs of a few crystals, e.g. NaCl, Al, 
diamond, Zn, etc., at different tc^mperatures and using monochromatic as well 
as continuous X-radiation. He observed that the intensity of the extra 
spots in the Laue photograph of NaOl increased very much on heating the 
crystal to 5()0°C. and that the extra spots in the case of a crystal of Al were 
produced even when monochromatic radiation was used. Thus it was first 
proved by Preston experimentally that the extra spots were due to mono- 
chromatic radiation. He discussed his results in the light of Zachariasen’s 
theory and showed that the results did not agree with the said theory. He 
further put forward a new theory to explain the extra spots. According to 
this theory the extra spots are due to independent scattering by small groups 
of atoms, there being no phase relation among different groups. The tempera- 
ture effect observed by him was explained by assuming that the number of 
such groups of atoms increases with the increase of temperature, the phase 
relation among some of them being destroyed by increase in the thermal 
agitation. Laval (1939) also had studied the same problem experimentally 
a little earlier than Preston and hod determined the intensity of scattering in 
the neighbourhood of some of the points in the reciprocal lattice using an X-ray 
spectrometer provided with an ionisation chamber. 

Raman and Nilakantan (1940a) starting investigations in this line observed 
some extra spots and streamers first in the Laue photograph of diamond 
obtained with X-rays from Cu anti-cathode incident in a direction almost 
normal to the 111 cleavage plane of the crystal. They described the pheno- 
menon 08 a ‘new X-ray effect’ and made an attempt to axplain it by assuming 
that the vibration of the two interpenetrating lattices of diamond is excited 
by the impact of the incident pheiton with the lattice, and thereby a dynamic 
BtraUfiiuiiion is produced which is inclined to the 111 set of planes. Conse- 
quently, even when the static 111 planes do not satisfy the Bragg relation, the 
dynamic stratification may do so and there may be Bragg reflection from these 
dynamic stratifications. Their claim to the disoovery of a new phenomenon 
was, however, disputed by many workers and particularly by Knoggs et al. 
(19405) who pointed out that the results published by previous workers men- 
tioned above had been overlooked by Eaman and Nilakantan (1940a), as they 
had not mentioned these results while reporting their own results on diamond. 
Raman and Nilakantan (19405) next observed that in the case of diamond, 
the directions of reflections producing the extra spots satisfied the empirical 
reflation 

A*** sin (d+^) »» A cos . . . . . .. .. . . (2) 

where A* is the spacing of the M l planes, 9 is the glancing angle of incidence, 
thivt of the reflected raj^ and A the wavelength of incident monochromatic 
6b ■ 
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X-rays. It can be seen that equation (2) is identioa] with the Faxen formula 
( 1 ) but tliis was not mentioned by Raman and Nilakan tan { 1 9406 ) who claimed 
it as a new discovery. It was Lonsdale (1940flf), however, who pointed out 
that it was meixsly Faxen’s formula which was apparently overlooked by 
Raman and Nilakantan (19406). 

Zachariasen (1940a), on the other hand, prior to the publication of the 
results on diamond by Raman and Nilakantan (1940a) had investigated 
theoretically the distribution of inttmsity in the diffuse scattering of mono- 
chromatic X-rays by cubic crystals, in which the atoms might be vibrating 
owing to thermal agitation. AsBumlng the velocity of elastic waves to be the 
same along all the cube edges, he showed that in the case of a simple cubic 
lattice there is a maximum in the intensity of the diffuse scattering in the 
direction making an angle 2B^ with the incident rays in the plane of incidenct^ 
given approximately by the relation 

20 ^ s=: 2^^+2(^^-~ ^//) sin^ 6 ^* • • « • • • • * • • • • (3) 

where 0^ and 6/^ are respectively tlie glancing angles of incideiice and of Bragg 
reflection. It was pointed out by Zachariasen (19406) and also by Sirkar 
and Gupta (1940) that the results on diamond published by Raman and Nila- 
kantan agreed with Zachariasen^s simplified formula (U). Siegel and Zachariasen 
(1940) hod already shown that the position of the maximum in diffuse scattering 
observed by them in the ease of NaCl agreed with the above formula (3). 
Raman and Nilakantan next extended the investigations to other crystals 
and studied the Laue patterns of the NaNOs crystal at room temperature 
and at higher temperatures up to 276°C. Extra spots and streaks were ob- 
served in all the pattenis and the intensity of some of those spots increased 
while that of others diminished with the rise of the temperature of the crystal. 
It was further observed that in this particular cose the relation 

2(i sin i(^+^) «= A .. • - (4) 

was satisfied more closely than the asyrometric relation (2). 

A geometrical theory was next put forward by Raman and Nath (1940) 
who showed that the geometrical relationship (4) is obtained when the propa- 
ne 

gation vector 1/A for the optical vibration of the lattice is small and perpen- 
^oular to the radius vector of the point in question in the reciprocal lattice, 
A being the spacing of the dynamic stratification. Similarly, formula (2) was 
deduced geometrically by assuming that the scalar magnitude of 1/ A was 
minimum, 

Lonsdale (1940a) investigated the Laue patterns of a large number of 
crystals including diamond at different temjwratures and observed that except 
in the cose of diamond the extra spots almost disappeared in all other cases 
at the temperature of liquid oxygen . In the case of diamond the extra spots 
due to 111 planes diminished in intensity only very slightly when the crystal 
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was cooled down to ^180*^0. It was pointed out by her that sinoe the extra 
spots disappear in most cases at low temperatures they are due to difiuse 
scattering by elastic waves and cannot be due to reflection from dynamic 
stratifl cation caused by incident photon as postulated by Raman and Nila- 
kantan. She also pointed out that the characteristic temperature of diamond 
being extremely high the intensity of the extra spots does not diminish consi- 
derably with a lowering of temperature by about 200^0. 

The Laue pattern of rocksalt was studied by Raman and Nilakantan 
(1940d) in order to find out w^hich of the two relations (2) and (4) was satisfied 
by the observed extra spots. It was concluded from the results observed by 
them that the extra spots in this case satisfied the 83 Tnmetncal formula (4) 
and not the asymmetric Faxen formula (2) and hence they also concluded that 
the extra spots could not be due to diffuse scattering. As these results were 
contradictory to the observation by Siegel and Zaohariasen (1940), the latter 
(1941) jjointed out that the results of measurement of angles of incidence and 
scattering corresponding to the observed maxima reproduced by Raman and 
Nilakantan actually agreed more closely with the asymmetric formula (3) 
than with the symmetrical relation (4). 

Sir William Bragg (1940a) on the other hand examined Preston’s (1939) 
hypothesis quantitatively and deduced an expression for the intensity of diffuse 
scattering in the case of a group of eight similar atoms situated at the corners 
of a simple cube. The intensity 1 of the scattered beam in a direction having 
direction cosines gi, gg, gs is given by 


const. X cos na 


(cos gi) 


cos (— wa) 


(sin i+q^) 


cos 


(— 7ra gs) 


( 5 ) 


where the edges a of the cube are parallel to the x, y, z axes and the incident 
rays are in the xy plane making an angle i with the x axis. Jauncey (1941) 
further examined the Bragg formula (6) for the shift in the position of the diffrac- 
tion maximum witli the turning away of the group from the position for the 
Laue maximum. He deduced an expression which is identical with formula 

(2) and Zachariasen’s approximate formula (3). 

The geometrical relationship between the direction of the incident beam 
and that of the maximum in the diffuse scattering waa further investigated 
experimentally with the help of X-ray spectrometers by Siegol (194X) in the 
case of KCl, by Kirkpatrick (1941) in the case of diamond and oalcite and by 
Jauncey and Baltzer (1941) in the case of rocksalt. Siegel varied the value 
of from 6' up to 4r and observed that the experimental results agreed 

with Zaohariasen *8 simplified formula (3). Kirkpatrick (1941) observed that 
in the case of diamond the angle between the direction of maximum in the 
diffuse scattering and that of incidence agreed with Zachariasen’s formula 

(3) for values of only up to about ±2*5®, For greater values of 

the deviation was much larger or smaller than that indicated by the said 
formula According as was positive or negative. In the case of oalcite 
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he obeerved no new maxima with untreated cleavage faces and the reflected 
line was quite sharp, but when the face was lightly ground with an abrasive 
the intensity in the reflected beam extended over a much wider region. This 
was attributed to the presence of disarranged crystal particles on the ground 
surface. Jauncey and Baltzor (1941) observed that in the case of rooksalt 
the positions of extra spots satisfy Zachariasen*8 simplifled formula (3) only 
when «= P, and for larger or smaller values of the values of 

20^^26^ are much smaller than those indicated by the said formula. On 
the other hand d ahn and Lonsdale (1941) observed that in the case of diamond 
when the value of di was varied from —16-8'^ to —26*8 in the neighbourhood 
of for the 111 plane and the Cu Kty. radiation, the diffuse maxima consisted 
of three spots situated at the corners of a triangle, there being diffuse scattering 
at the centre of the triangle It was also pointed out that the size of the 
triangle iporoased as the differonoe increased and the position of the 

centre of the triangle satisfieKl the Faxen formula (1) and that this structure 
of the diffuse maximum could be explained by Waller's (1925) theory. 

Raman and Nilakantan (1941a) also pointed out that the Faxen formula 
(1) is not satisfied by the observed directions of new maxima when the values 
of are large. They further showed that the observed results could be 

explained by the more general expression deduced by Raman and Nath (1941), 
viz., 00 

2d sin iff sin (^+€) = nA sin . . . , . . (6) 

whore ^ is th(3 glancing angle of incident beam with dynamic stratifications, 
$ and € are the angles which the crystal planes make respectively with the 
phase- waves duo to optical vibration and the dynamic stratifications and d 
is the spacing of 111 planes. It was pointed out that equation (6) agrees with 
observed facts if the value of 6 be taken as 54'^ 44' and from this fact it was 
concluded that the phase-waves are parallel to the 100 planes normal to the 
plane of incidonee. They further pointed out that these facts, along with the 
persistence of the extra spots even with the lowering of the temperature of the 
specimen of diamond to — ISO'^C. observed earlier by them (Raman and 
Nilakantan, 1940e), definitely supported the theory of quantum reflection 
put forward by them and contradicted the theories of difFuso scattering. 

Zachoriasen (19415), however, put forward a revised theory of diffuse 
scattering by a cubic lattice in which the velocities of elastic wave along 
different directions were not assumed to be the same. The expressions deduced 
by him for the intensity of diffuse scattering are different for different limiting 
relative values of the elastic constants. It was shown by him that one of 
these expressions which could be used in the case of diamond could explain 
all the observed facts including the directions of maxima, the triangular 
pattern and the streamers mentioned earlier. 

Some new results were published recently by Lonsdale and Smith (1941a) 
who investigated the Laue patterns of a few specimens of diamond which had 
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been studied by Robertson, Fox and Martin (1934) and divided into two 
groups. Those belonging to group I. which showed some absorption band at 
8p and also abaorlKKi the near ultraviolet region, produced very intense strea- 
mers. But the streamers were absent in the case of speoimens of diamond 
belonging to group IT, which are known to be mosaic in character. After the 
publication of Zachariaseri’s modified theory, Pisharoty (1941) put forward 
a geometrical theory of quantum reflection of X-rays and tried to explain 
the phenomena obw^rverl in the case of diamond basing his arguments on the 
theory put forward by Raman and Nath (1941) and assuming, as pointcHi out 
by Raman and Nilakantan (1941a), that the phase-waves are parallel to the 
100 planes. According to this theory the streamers owe their origin to the finite 
divergence of the incident beam ; but it has been recently pointed out by the 
present authors (Sirkar and Bishui, 1941) that experimental facts do not 
support this conclusion of Pisharoty's theory. Further details of the said 
theory will be discussed later in the present paper. 

In a report of the discussion held in the Royal Society, Tjondon, Lonsdale 
and Smith (19416) have reported the results of an exhaustive investigation 
on the diffuse scattering of X-rays by crystals of a large number of substances. 
Some of these crystals have been studied at room temperature as well as at 
the temperature of liquid oxygen. Also, both continuous as well as mono- 
chromatic rac|j|ation8 have been used as incident X-rays. The results furnish 
important information regarding the various properties of the extra spotrs 
some of which will be discussed later. In the same report Born and Sarginson 
(1941) have published a wavemechanioal theory on the (jffect of thermal 
vibration of atoms in the crystal on the scattering of X-rays. They have 
deduced expressions in the case of cubic lattices for the directions and the 
integrated intensity of the maxima in the background scattering, the expres- 
sion for the intensity being valid only for maxima not lying too near the Laue 
spot. The intensity is found to be a function of T the absolute temperature, 
A, the wavelength of incident radiation, p, the atomic weight, a, the atomic 
distance, B, the characteristic temperature of the crystal and ^ the angle of 
rotation of the crystal about one of the edges of the cube from the position for 
Laue diffraction. The expressions for the direction of the maxima can be 
reduced to the Faxen formula under certain approximations, but they furnish 
further information regarding the azimuthal displacement. Sir William Bragg 
(1941a) has developed in detail the theory of scattering by small groups^ of 
atoms and has compared the conclusions of Ids theory with the observed results 
for KCl, diamond and calcite. He has also shown (Bragg, 19416) that all the 
details of the experimental results obtained by Lonsdale and Smith (I94Ia) in 
the case of diamond can be explained by his theory. The said report also 
contains a few more papers by other authors. 

In a special issue of the Proceedings of the Indian Academy of Sciences 
entitled ‘ Symposium of papers on the quantum theory of X-ray reflecstion V 
fifteen papers dealing with difiFerent aspects of quantum theory of X^ray 
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reflection have been pubiiBhed by Sir C. V. Raman and others working under 
him. In all these papers attempts have been made to prove that the extra 
spots and streaks observed in the case of diamond and other crystals do not 
owe their origin to diffuse scattering, but they arcs produced by quantum reflec- 
tion of X-rays from dynamic Btratifloation caused by the excitation of optical 
vibrations by the incident X-rays, as first pointed out by Raman and Nila- 
kantan (1940rt) and further worked out by Raman and Nath and by Pisharoty. 
Some of the main <5Xpcrimental evidences in support of this view have been 
stated by Raman and Nilakantan (19416) to bo as follows: — 

(1) The geometric law of quantum reflection deduced by Raman and Nath 

(1940) agrees with the results obtaincHi in the case of diamond 
more closely than the Faxon formula. 

(2) There is displacement of the direction of maxima from the plane of 

incidence and this can be explained by Pisharoty *8 (1941) theory 
applied to the case of diamond. 

(8) The structure of the triangular extra spot observed l)y Jahn and 
Lonsdale (1940) in the case of diamond as well as the streamers can 
be explained by Pisharoty’s theory very satisfactorily. This fact 
according to them confirms the hypothesis of quantum reflection. 

(4) The relative intensities of classical and quantum reflection are not 

affected by change in the volume of the crystal irradiated. Also 
the intensity remains constant in the case of diamond even when 
the crystal is cooled down from room temperature up to — 180”C. 

(5) The diflfuse halo surroimding the central spot observed in the case of 

diamond is found not to be due to thermal vibration, because it 
persists in liquid air temperature. It is concluded that this 
halo is due to quantum reflections from stratificatiouH caused 
by vibrations of lower frequencies excited by the incident radiation. 

These conclusions are discussed below in the light of the recent theoretical 
and experimental results. 


Discussions of Exfkeimbntal Rksults. 

(a) The position of extra spots. 

It has already beenj>omted out that a revised theory of diffuse scattering 
has been published by Zachariasen (19416). According to this theory in the 
case of diamond the intensity of diffuse scattering is given by 




where 


, . , - 

UakTwefieB gj;. 


(7) 


Sr is the volume of scattering, is the intensity of scattering from a single 
atom, Bj aro Millerian indices, Si is the volume of unit cell, g is the ratio 



224 


s, o. kSikkar &; r. m. bishui: on thb omaiN 

whore C\i and Ci^ are elaBtic constantB, aj, a*, as are the direction cosines of 
the unit vector normal to the oiastic wave relative to the cube edges and 
Pu p 2 y Pz those of the vector Armin and are approximately equal to the 
direction cosines of the scattering direction and A ^ 6(^6^$, It has been 
shown by Zaohariasen that this expression gives three maxima corresponding 
to the three sets of values of ai, a 2 , as, viz., 1, 0, 0; 0, 1, 0 and 0, 0> 1 and the 
intensities of the three maxima are respectively proportional to and 

This explains the structure of the maxima observed in the case of 
diamond with the rays incident in the neighbourhood of and -*Bjj by 
Jahn and Lonsdale (1041), because the values of jSj, p^^ are almost equal in 
the latter case, andj^i is much larger than P$ former case. It has 

also been shown by Zaohariasen that for Cu Kot and Kp radiations the 
following formulae regarding the directions of maxima hold good when 

CuKa., 25'* «»43“56'+0-444J .. (8) 

m 

CuKB, !=ii39°30'+0-406J (9) 

Those relations (8) and (9) have been shown to agree with the results observed 
by Raman and Nilakantan, The present authors have obtained some results 
which are given below. The corresponding Lane photographs are reproduced 
in figures 1 and 2, plate III. 

Table I. 



Radiation 

CuK 


26^^ observed. 

m 

26^^ calculated. 

m 

21“ 17' 

a 

-41' 

43° 37' 

43" 38' 

20° 18' 

a ' 

-r 40' 

43° 1' 

43“ 12' 

19° 42' 

a 

-2° 16' 

42° 60' 

42“ 56' 

17° 5' 

at 

-4° 63' 

41° 38' 

4r 46' 

17° fl' 

i8 

-2° 40' 

38“ 13' 

38“ 25' 


As the central spot was recorded on each Latie photograph with feeble density 
by using an absorber of suitable thickness placed in contact with the film, 
the angles could be measured with an accuracy of about ±1 minutes of arc. 

The results in Table I show that the observed values of 2^^ do not differ 

<** 

systematically from those calculated from Zachariasen's recent thtwy. The 
total angle of divergence of the incident beam used was 1® 30', i.e. 45' on eaob 
side. The variations observed are within experimental error. Thus the 
observed directions of maximum intensity in the background scattering in the 
liaue photograph of diamond are in agreement not only with those calculated 
from the tlieory of Raman and Nath (1940) but also with those calculated 6om 
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Zachariasen’s rocent theory. Henoe it is not possible from considerations of 
the directions of maxima alone to accept one of these theories and to reject 
the other, as has been done by Raman and Nilakantan (19415). The formula 
deduced by Born and Sarginson (1941) for the directions of maxima in the 
background scattering also gives the azimuthal displacement and it is evident 
that this displacement is a property not only of the quantum reflection but 
also of the diffuse scattering. 

(5) Origin of the triangular Apot and stream^ers accmnpanying ihs diffme muxirmmi 
due to 111 plan£> of diamond. 

It has been mentioned by Raman and Nilakantan (19415) that the geo- 
metrical theory of quantum reflection explains the origin of the triangle con- 
sisting of three spots observed by Jahn and Lonsdale (1941 ) and of the streamers 
observed by Raman and Nilakantan (19405). 1’he stroamerH, according to 
Pisharoty’s theory, are due to the finite divergence of the imudeut beam and 
would be almost absent if the divergence could be reduced to a few minuU^s 
of arc. Also, according to his theory the intensity of the streamers should be 
comparable to the diffuse maximum which they accompany when Oi is slightly 
less than 6n. The intensity of each of the streamers would be slightly smaller 
than that of the said maximum because tin* total intensity in the streamer is 
distributed over a larger area than in the ease of the maximum which it 
accompanies. 

Both these conclusions of Pisharoty’s theory, however, are definitely 
contradicted by experimental observations. First, it can be seen from the 
pattern due to a diamond plate 0*88 mm. thick, reproduced in fig. 1, plate III, 
that the streamers are extremely feeble in comparison with the maximum 
which they accompany, and in fig. 2, in which the pattern due to a thinner plate 
of diamond is reproduced, the streamers are ciunpletely absent although the 
diffuse maximum is very intense. The values of Of in figs. 1 and 2 are 20 ' 18' 
and 21 17' respectively. The angular length of the streamers in figure 1 

is about 10'', although the divergence of the beam used was al)out V 30'. 
According to Pisharoty's theory the streamers would disappear if the value of 
6i would be 19'' 58' and the maximum angular length in tht^ case of the thicker 
specimen of diamond would be 4'' 53'. The length of the streamer expected 
from this theory in the case of the thinner crystal (fig. 2) ought to have been 
a little larger, but actually the streamer is absent in this case. Again in the 
case of a particular specimen of diamond studied by Lonsdale and Smith 
(1941a) the total length of each of the streamers is about 10' for ^+0b 
although the total divergence of the incident beam os shown by the size of the 
Laue spots cannot exceed 30' of arc. This fact combined with the results 
of the present investigatioxr discussed above definitely proves that the length 
of the streamers is rather constant and does not depend on the divergence of 
the incident beam, This fact^ therefore, also contradicts the view held by 
Pisharoty that the streamers are due to quantum reflection by dynamic 
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fitratifications. Those streamers are, however, explained satisfactorily by the 
theory of Zachariasen according to which the maxima corresponding to sets 
of values of aj, a^, equal to 1 , 0 , 0 ; 0 , 1, 0 and 0 , 0, 1 are connected by saddle 
shaped ridges of intensity much less than that of the maximum and these 
appear as streamers when a 2 » 0(3 =« 0. The length of the streamers thus 
does not depend on the angle of divergence of the incident beam and also the 
intensity is smaller than that of the maximum. The observed facts are thus 
ex|)lain(xi satisfactorily by Zacharitisen's theory and the streamers may 
be assumed to be entirely due to diffuse scattering and not due to quantum 
refloction. 

It has already been mentioned that the triangle consisting of three spots 
observed by Jahn and Lonsdale (1941) when can be oxploinod by 

Zachariasen modified (expression for the intensity of diffuse scattering applicable 
to the oas(^ of diamond. It has also been mentioned that Pisharoty has 
given a geomf 3 trical theory t»o explain this pattern. According to the latter 
tlieory, however, each of the three spots would be circular in shape, the size 
deptmding on the divergence of the incident beam. The small intensity in 
tho regions in between these three spots actually observed by Lonsdale and 
Smith (19416) caTuiot be explained by Pisharoty 's theory, but it is explained 
by Zachariasen's theory. Again it has been observed by the present authors, 
as can be seen from figure 3 that when 6^ is slightly less than in the case of 
th (3 111 plane of diamond, the shape of the extra spot is not < 5 xactly circular, 
but it is triangular with its apex towards the Lane spot, and this fact shows that 
this spot is the projection of the larger triangular pattern indicated by Zacha- 
riasen's theory, Hence in this case also the theory of quantum refloction fails 
to explain the observed phenomcma in detail while that of diffuse scattering 
explains tlumi satisfactorily. 

(r) I ntemity of the extra spots. 

As pointed out first by Raman and Nilakantan (1941a) the intensity of 
(pjantum refloed/ion should depend in and that of diffuse maximum on N, 
iht? number of unit cells taking part in the scattering. In order to investigate 
the dependen(M 3 of the intensity on the volume irradiated, Venkateswaran 
(1941) studied the Lane patterns of specimens of NaCl of different thioknessos 
using different widths of the slit. It has been argued by him that due to 
primary and setjondary extinctions the intensity of the Laue diffraction as well 
as that of quantum reflection should not increase with the increase in the 
thickness of the crystal beyond a certain limiting thickness. In the case 
of diffuse scattering, however, the extinction is absent and the intensity should 
increase with the increase in the volume of the crystal irradiated. He has, 
observed that the relative intensities of the Laue spots and the extra spots 
remain constant even when the volume of irradiated portion of the crystal is 
inenjased twelve times. From this he concludes that the extra spots cannot 
be due t(K diffuse scattering but they are due to quantum rcflectiou. He has, 
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howover, not investigated whether with the thicknesses 0*25 mm . and 0*5 mm. 
the crystals of NaCl used by him actually exhibited primary extinction. Further, 
in figs. 1 and 3 of his paper are reproduced the patterns oi)taincti with the 
different thickncHsea of the specimens but with the same slit- width. Tiie settings, 
htjwever, are slightly different from each other in the two cases and the densities 
of the spots in the two jmttems are so widely different from each other* that 
no conclusion can be drawn from these photographs. Again, the Laue spots 
are due to the continuous radiation and the extra spots due to the Mo K<x. and 
radiations, and except for the exact Bragg setting, the intciLsity of quantum 
reflection is very small and hence the effect of extinction would be negligible 
in the case of the extra spots observed by him even if tliey wore d ue to quajrtiim 
reflection as postulated by him. In fact, however, even for the Laue spots 
the primary extinction is negligible in the case of NaCI as has been discussed 
by Compton and Allison (1935). For the thickness used by Venkateswaran 
the secondary extinction also has very small cuffed. But notliing can be said 
definitely unless the secondary extinction is estimated for the sficcimens used. 
This has not been done by Venkateswaran and therefore tlie results on which 
he has based his conclusions have very little sign ifica nee. 

Investigations of a similar nature have becji carried out by the present 
authors using two plates of diamond the thi(;kness of one being 0*42 mm. 
and that of the other 0*88 mm. Laue patterns were photographed with the 
incident X-ray beam nearly normal to the 111 plane and using the same setting, 
the width of the slit and exposure in hath the cases. In (uich case two ex- 
posures, one short and one long were used. The Hadding tube used was kept 
quite steady by a regulated continuous circulation of air from a reservoir at a 
low pressure. The voltage used was about 38 K.V. films were developed 
under similar conditions in the same developer. The Laue patterns obtained 
with the thin and the thi<)kor crystal and with tlie shorter exposure are repro- 
duced in figures 4 and 5 respectively. It can be seen that Uio Laue spots due 
to the iTT, TiT and I 1 1 planes of the thicker crystal are not apprt^ciably more 
intense than the corresponding s{K)ts due to the thin crystal. This fact shows 
that the influence of absorption and secondary extinction is quite appreciable 
in the case of the thicker crystal. It is, however, seen from figures fi and 7, 
in which the Laue photographa obtairnd with the longer fjxposure are repro- 
duced, that the diffuse maximum accompanying the Laue spot diK‘ to I 1 1 plan© 
is more intense in the case of the thieW crystal than in the case of the thin 
crystal. Thus the ratio of the intensity of the diffuse maximum to that of the 
corresponding Laue spot is larger in the oa^ of the thick crystal than in the 
case of the thinner crystal. This fact clearly contradicts the conchisiou arrived 
at by Venkateswaran that the said intensity ratio docs not increase with the 
increase in the volume of the crystal irradiated and shows that when secondary 
extinction is effective the said intensity ratio actually increases with the 
increase in the said volume. This observed fact thus supports the theory of 
diffuse scattering. 



228 


». 0. SIBKAR & B. M/BISHT;I: ON THE ORIGIN 


(rf) The origin of the hah round the direct beam. 

As alraady mentioned, it was first pointed out by Raman and Nilakantan 
(10406) that the halo round the direct beam observed in the case of diamond 
might bo duo to some quantum mechanical effect in which the monochromatic 
X-rays might excite the vibrations of diamond lattice having much lower 
frequency than 1332 om"^. I^nsdale and Smith (19416), on the other hand, 
have observed that this halo disappears when monochromatic X-rays are used 
as incident radiation. Hence the hypothesis of Raman and Nilakantan is not 
supported by exprirnental observations. It has been shown by Zachariasen 
(19416), however, that his theory of diffuse scattering predicts the absence of 
any halo round the direct beam. Thus the observed facts support the view 
that the observed phenomena are due to diffuse scattering. 

Hence it can be concluded that even in the simple case of diamond, the 
observed phenomena mentioned above support the theories of diffuse scattering 
and do not agree in detail with the predictions of the theory of quantum 
reflection. 


(e) Influence of Temperature on the intensity of eostra spots. 

According to the theory put forward by Sir C. V. Raman (1941) the 
temperature factor /(T) for the intensity of the quantum reflection is givefi by 




( 10 ) 


where r* is the frequency of optical vibration of the lattice, and in the case 
of diamond for ordinary and low temperatures f{T) =a 1. According to the 
theory of diffuse scattering put forward by Zachariasen (19416) f(T)ccT, and 
in the exprcHsion for the maximum hi the diffuse scattering deduced by Born 
atul Sarginson (1941) the factor explicitly containing temperature T is 


f(T) 


T sinh BjT 
B^rnihBw^lT 


.. ( 11 ) 


whc^rc? ?/?o is a factor independent of temperature and B is the characteristic 
temperature of the crystal. There is also another factor fl*{T) in the said 
expression which is the same as the Debye factor, exp, (— 2Jkr). Hence the two 
factors together indicate a slower variation of the intensity with temperature 
than that indicated by any one of the two factors. But when the characteristic 
temperature B is very large so that B» T, as it is in the cose of diamond. 


T , HmhBJT 
B ^^smhl«>o/^ 


T/e w^\ , 

« (r— rj - 


Thus in this cose the temjwatnre effect is given by the Debye factor, 
exp. {—2M) of (11) alone and the intensity is expected to diminish otdy slightly 
with the djminution of the temperature, when 0 »T. In the case of diamond 
if ® ■! *340'’ as given by Lonsdale and Smith (10415), the raUo, exp. (— 24f»oW 
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exp, (— 2jlfjoQ) is approxiraately 1*009. This change in the intensity of the 
diffuse spots can hardly be detected experimentally. Thus the intensity 
should remain constant even when the crystal is cooled do^vn from room tem- 
perature up to 90®K. 

The influence of temperature on the intensity of the extra spots in the Lane 
photograph of diamond was studied by Lonsdale and Smith (19416) and Raman 
and Nilakantan (19416). While the former authors point out that the intensity 
of the extra spots seems to diminish slightly when the crystal is cooled down 
from room temperature to — 180”C., the latter authors do not observe any 
sensible difference between the inttmsitios observed at the two temperatures 
mentioneKi above. If actually the intensity would slightly diminish with the 
diminution of temperature as observed by Lonsdale and Smith (19416), tliis 
fact would be contradictory to the theory of background scattering developed 
by Born and Sarginsou (1941). But Lonsdale and Smith have not coiuiuded 
definitely that the intensity diminishes at the lower temperattire. 

Aokkowlbdgmkkt. 
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kind encouragement and interest during the progress of the work. 

Summary. 

The experimental results published by previous workers and those obtained 
by the authors themselves on the various properties of the extra spots in Laue 
photographs have been discussed in the light of the various theories of diffuse 
scattering and that of quantum reflection. It is shown that the length of the 
streamers and the structure of the extra spots observed in the case of diamond 
with particular glancing angles of incidence cannot be oxplaintMi by the theory 
of quantum reflection, put forward by Raman and Nilakantan, but the details 
can be explained by the theory of diffuse scattering put forward recently by 
Zachariasen. In the case of diamond the observed directions of maxima also 
agree with Zoohariosen’s theory and the observed influence of tein|>eraturis is 
given satisfactorily by the wavemeohanical theory put forward by Born and 
Sarginson. The ratio of the intensity of diffuse scattering to that of Laue spot 
due to the T T I plane of diamond is observed to increase with the increase of 
thioknosB of the crystal. It is pointed out that those results are contradictory 
to the theory of quantum reflection and also to tlie results obtained by 
Venkateswaran in the case of NaCL 

BRmaBKCss. 

Bom, M. and Bargimon, !K1. (1941). The effect of thermal vibration», etc. JProc. 

A. 179 , 69. 

Btagg, Bir WUliam (1940). The extra spots of Laue photographs, eto. JVoiMre, 
ua,609. 

Bragg, Sir Willioni (1941a). The difluse spots, etc. Proc. Boy. *5?oc., A. 179 , 61 , 



im 


S. 0. SIRKAU & B. M. BISHtJl: ON TIOS OBXOIK 


Bragg, Sir William (1941^). The diffuse spots, etc, Ibid.^ A. 179, 94. 

Compton, A. H. and Allison, S. K- (1936). X-rays, etc., p. 426. 

Faxon, H. (1923). Die boi Infcerfereutz Kdntgonstrahlen, etc, Z.f. Phys,, 17, 266. 

Friedrich, W. (1913). Iiiterierenc© of X-raya. Physikxd Z., 14 , 10S2, 

Jahn, H. A. ami Lonsdale, K. (1941). Diffuse reflections from diamond. Nature, 
147, «8. 

Jauucx^y. G, E. M. (lltll). Note on the theory of the modified reflection, etc. Phys, 
limK, 59, 450, 

.Taunocy, O. E. M. and Balfczor, O. J. (1941). Non-Laue maxima in the diffrtiction of 
X-rays, etc, Phys, Rev., 59, 699. 

Kirkpatrick, P, (1941). X-ray diffraction maxima at other than Bragg augles. Phys. 
Rev., 59, 462. 

Knaggs, I. E., Lonsdale, K., Muller. A. and Ubbelohde, A, R. (1940). AnomalouB 
X-ray reflections, etc. Nature, 145, 820. 

Laval, J . (1939). Bull. *9o(!. Franoaise, Min., 62, 137. 

Lonsdale, K. (1940a). Diffuse reflections on Laue photographs. Nature, 146, 332 
and 806. 

Lonsdale, K. and Smith, H, (1941a). Diffuse X-ray diffraction from two types of 
diamond. Nature, 148, 112. 

Lonsdale, K. and Smith, H. (19416), An experimental study of diffuse X-rays, etc. 
Proc. Roy. Soc., A. 179, 8, 

Pisharoty, P. R. (1941). On the geometry of quantum reflection, etc. Proe. Ind' 
Acad. Set., 14, 66. 

Preston, Q. D. (1939). Diffraction of X-rays by crystals, etc. Proc. Roy. 8oc., 172, 
116; Nature, 143, 76. 

Raman, Sir C. V. (1941). Quantum theory of X-ray reflection, etc, Proc, Ind. Acad. 
Soi., Symposium, p, 360. 

Raman. Sir 0. V. and Nath Nogendra, N. S. (1940a). Quantum theory of X-ray 
reflection and scattering. Proc. Ind. Acad. Sci., 12, 83. 

liivman, Sir 0. V. and Nath Nageudra, N. S. (19406). The two types of X-ray reflootiona, 
etc. Proc. Ind. Acad. Soi., 12, 427. 

Raman, Sir 0. V. and Nilakantan, P., (1940a). Spooular refleotion of X-rays, etc. 
Natt4re, 145, 067 ; A new X-ray effect. Ourrent Science, 9, 166, 

Homan, Sir 0. V. and Nilakantan, P. (19406), Refleotion of X-rays with change of 
frequency. Proc. Ind. Acad. Soi., 11, 389. 

Raman, Sir C. V. and Nilakantan, P, (1940c). Refleotion of X-rays, etc. Ibid., 11, 398. 

Raman, Sir 0. V, and Nilakantan, P. (1940fi). Reflection of X-rays, etc. J6td., 12, 141, 

Ramon, Sir 0. V. and Nilakantan, P. (1940c). Classical and quantum reflection of 
X-rays. Nature, 146, 686. 

Ktvman, Sir C. V, and Nilakantan, P. (1941o), The quantum theory of X-ray r^eotion. 
Ourrent Soimee, 10, 241. 

Raman, Sir 0. V. and Nilcdcantan, V. (19416). Quantum theory of X-ray refleotion, 
etc. Proc. Ind. Acad. Sci., Symposium, p, 366. 

RoWtson, Sir R., Fox, J. .T, and Martin, A. E. (1034). Two typos of diamond. Phil, 
Tram., 232, 463. 

Robertson, Sir R., Fox, J. J. and Martin, A. E, (J 936). Further woric on two types of 
diamond. Proc, Hoy, Soc., A, 157, 679. 

Siegel, S. (1941). Experimental study of the diffuse scattering, etc. Phys. Rev,, 
59,371, 

Siegel^ S. and Zachariosen, W. H. ( 1940). Preliminary experimental study, eto« Phye. 
Rev,, 57, 795. 



OF FXTEA SFOT8 IN LAUB FH0T0GEAFH8, 


231 


Sirkar^ S. 0. and Bishui, B. M, (1^41). On Pisharoty’s Theory, etc. Science and 
OuUure, 7, 814. 

Sirkar, S. C. and Gupta J. (1940). On new diffraction maxima, etc. Science and 
CtUPurtf 6, 1$7. 

Sirkar, S. C. and Gupta, J. (1940). On the new didraction maxima, etc. Proc. Nat, 
Inet. Sci. Ind., 6, 70r>. 

Venkataewaran, C. S. (1941). The quantum reflection and quantum scattering, ett\ 
Proc, Ind. Acad. Sci., Symposium, p. 396. 

Wadlund, A, P, K. (1938). Radial tines in Lauo spot photographs. Pkys. Rcv.^ 
53, 843. 

Waller, I. (1925), Diaaertcdion, Vppeala. 

Waller, I, (1923). Zmt Prago der Einwirkung, etc. Z.f. Phya., 17, 398. 

Zaohariason, W. H, (1938), Comments on the article by A. P, R. Wadlund. Phyft. 
Hev., 53, 844. 

Zoehariasen, W. H. (1940a). A theoretical study of diffuse soatU^ring. etc. Phye. Rev., 
57, 597. 

ZacharioHOU, W. H. (19405). Diffraction maxima in X-ray photographs. Nai^^re, 
145, 1019. 

Zachariosen, W, H. (1941a). On the diffuse X-ray diffraction maxima. Phya. Rev., 
69, 207. 

Zaobariasen, W. H. (19416). Temperature diffuse scattering, etc. Phys. Rev., 59, 860. 




SiKKAR & BlSHUl 


Proc. Nat- Inst. Sci. India, Vol. VIII, Plate III 



Fig. 6 ( thin crystal ) 


Fig. 7 ( thick crystal 






ON THE PRODUCTION OP MESONS BY NON-IONISING AGENTS IN 

COSMIC RAYS. 


By S. C. SiEKAE, D.6^c,, and S. K. Gho8H» 
(Communicated by Prof. M. N. Saha, F.R.S.) 
(Received March 1942.) 


Intedduotion. 


Roaai (1931) used a twofold coinoidence^ counter telescope and observed 
the number of ooinoidonoes with an absorber of lead placed first between the 
counters (postion 1) and then above the counters (position 2) as shown in 
Fig. 1. The number of ooinoidonces in the arrangement (2) was found to be 
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Arrangement (1) Arrangement (2) 
Fio. 1. 


slightly larger than that in arrangement (1). This difference was ascribed to 
the production of secondary ionising particles in the absorber by photons, 
Hsiung (1934) repeated the experiment using a modified arrangement 
shown in Fig. 2. Counter 3 is shielded by lead 2*5 cm. thick. A is a Pb- 
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abBorber 20 cm. thick, which was placed alternately between counters 1 and 2 
(|>o8ition 1) and above all the cotinters (position 2). The ratio of threefold 
coinoidenoes in position (2) to those in position (1) was found to be 1*06. If 
counter 3 was removed, i.e. the experiment described in para. I was repeated 
now with 20 cm. of Pb, the ratio increased to 1‘14. Hsiuug interpreted these 
results by assuming that the ratio is 1*06 in threefold coincidence, because in 
position (2) some primary may be producing a pair of secondaries in the 
absorber A, which may pass through counters 1 and 2 respectively but not 
through 3, which is traversed by the primary itself. But the chance of this 
kind of coincidence is much loss in position (1), The extra amount recorded 
in twofold coinoidenoes was taken by Hsiung to arise from some soft com- 
ponents which are produced in the absorber A, but are usually absorbed by 
the Pb-shield of the counter 3. Another alternative proposal, viz. that the 
extra number of threefold coincidences in position (2) may be duo to photons 
producing charged particles in A was also discussed by Hsiung, but it was 
concluded that the probability of such a mechanism was negligible, 

Maass (1936) working at sea level meas\ircd the absorption of single 
cosmic ray particles by a counter telescope placing an iron block A of varying 
thickness between the counters (position 1) and above the counterfl (position 
2), as shown in Fig. 3. He observed that the ratio of the number of coinoidenoes 
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Armagemont (1) Arrangement (2) 

Fio. 3. 

with the arrangement (2) to that with the arrangement (1) was almost unity 
for smaller thickness of but increased to about 1-2 for an absorber of 30 cm. 
of Fe. Maass also observed that the presence of absorbers on the sides of the 
telescope affected considerably the number of coincidences. It was concluded 
by him that the penetrating ionising particles were created in the absorber A , 
in the arraugementp (2) of the counters, by energetic photons present in cosmic 
rays. This, however, is in contradiction to what Hsiung concluded. 

Arley and Heitler (1938) pointed out that the increase in the number 
of coincidences in Maass's experiment with the shift of the absorber from 
the middle to the top of the counters might be due to the production of mesons 
by penetrating ueutral particles instead of by the photons. They of 
opinion that those penetrating neutral particles are * uncharged mesons’ and 
identified them with the ‘neutrettos’ of the meson theory. 

. 7» ^ 




BY NON-IOKIBIKO AGBKT8 IN COSMIC RAYS. 


236 


Sohein and Wikon (1939) sent a fourfold coinddonco counter telenoope 
up to an altitude of 26,000 ft, in an aeroplane, in order to investigate the pro- 
duction of mesons in the atmosphere. The arrangement of counters us(«i by 
them is shown in Fig, 4, The bottom tube was shielded from soft shower 



Arrangement (1) Arrangement (2) 

Fig. 4. 


particles by 1*26 cm, of Pb. Counter 3 was shielded with Pb sheets 0*625 
cm. thick, to absorb Compton recoil electrons produced in the Pb plate below. 
8*1 cms. of Pb were placed between counters 2 and 3 to absorb the soft radia- 
tion, thus enabling to record only the penetrating rays, coming vertically. 

The ratio of fourfold coincidences in the arrangement (2) with a Pb 
block A 2*2 cm, thick placed above all the counters to those in the arrangement 
(1) with the same Pb block placed between the counters 2 and 3 was found 
to change with height above sea level. Up to 20,000 ft. the ratio of the 
number of fourfold coincidences in the two arrangements remained almost 
equal to unity. Above that height the ratio was appreciably greater than 
unity, being l-S at about 22,000 ft. and 2*1 at 25,000 ft. 

They interpreted this result by stating that mesons ai'e produced by 
photons only above 20,000 ft.; they also say that the results obtained are in 
good agreement with Heitlerk (1938) assumption that the mesons are formed 
by secondary photons which are abundant at high altitudes. 

Shonka (1939) performed a similar experiment at an altitude of 14,200 ft. 
with a fourfold coiuoidenoe array of Geiger Muller counters in a vertical 
position. A thickness of 12*7 to 17*3 cm. of Pb served as absorber for the 
soft secondary partioke, in between the counters 4 and I (Fig. 6). Additioncd 
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varying thickneBses ^ were placed alternately al>ove the oounto's (arrange* 
ment 2) and between the counters 3 and 2 (arrangement 1). ‘ For a small 
ihiokness of A of only 0*32 cm. the ratio of the counts with the arrangement 
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(2) to those with the arrangement (1) was only 1-012±0*012; and for large 
thickness of A equal to 23*18 cm. the value of the ratio was 1-059 ±0'013. 

Since most of the photons are absorbed in two cm. of Pb only the small 
and hardly significant difiPerenoe of 1 *2^:0* 1% observed with the shifting 
of thinner layer 0*32 cm. of Pb can be ascribed to mesons produced in the ab- 
sorber A by primary photons. The much greater diffiwenoe of 5*9±l-6% 
observed with the shifting of thicker layers of 23*18 cm, of Pb should 
thus be ascribed to mesons produced by neutral particles that are much more 
penetrating than photons. These rays penetrate 20 cm. of Pb without any 
considerable absorption. The high penetrating power suggests their identi- 
fioation with 'neutrettos’ postulated by Arley and Heitler (1938). 

Sohein, Jesse and WoUan (1940) made two free balloon flights with a 
coincidence counter apparatus designed to record the vertical meson intensity 
and also the number of mesons produced in a 2 cm. Pb block by a non-ionising 
radiation. The detailed arrangement of the counter set used by them is shown 
in Fig. 6. , 
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Counters 1, 2 and 3 represent one coincidence set, and counters 2, 3 and 
4 constitute another set. Since a particle which passes through either set of 
counters must penetrate at least 8 cm. of Pb the coincidences registered must 
be due to mesons. The top set of counters consisting of tlie counters 1, 2 
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and 3 can be actuated only by mesons which have originated outside the 
apparatus, whereas the lower set* comprising the counters 2, 3 and 4 can be 
set off either by a meson entering from outside or by one which is produced in 
the Pb block i, 2 cm. in thickness. 

Thus the excess of the counts in the lower set, over those in the upper 
set, gives us the number only of those mesons which ore produced in L, and 
which can pass through the three counters 2, 3 and 4. 

Sohein, Jesse and Wollan have found that the production of mesons in 
Pb block L becomes noticeable at about 35 cm. pressure and increases with 
altitude, attaining at an altitude corresponding to a pressure of 6*6 cm. of 
Hg, a value of about 25% of the total meson intensity at that altitude. 

This rate of production of mesons increases at about the same rate as does 
the soft component. This is the evidence that photons are the agents responsible 
for a large part of the observed creation of mesons in the Pb block L, On this 
assumption, they have calculated a cross-section for this meson creation 
pi*ooeB» by photons: » 0*7 per nuclear particle in Pb. 

Xovell (1039), on the other hand, while studying cosmic-ray showers at 
sea level did not obtain even a single photograph of a meson track produced 
by a ‘neutretto*, although 600 photographs were obtained by him in which 
the primary partioleB traversed 10 cm. of Pb. Since, according to Arley and 
Ifeitlet (1938), the mean free path of a ‘neutretto’ in Pb is only 6 cm. it was 
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concluded by Lovell that the number of neutrettos in cosmic radiation at sea 
level must be very much smaller than the number of mesons, He also con* 
eluded that probably there are no ^neutrettos' at sea level, 

Rossi, Janossy, Rochester and Bound (1940) made a careful investigation 
of the problem, using a system of counter arrangement in such a way that 
fourfold and threefold coincidences could be recorded simultaneously. In 
position (2) as well as in position (1) of their arrangement as shown in Fig, 7» 



Arrangement ( 1 ) Arrangement ( 2 ) 
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a Pb block 8, 10 cm. in thickness was placed between the counters 3 and 4, 
so that the coincidences reooMed were all duo to mesons. In arrangement (2) 
a Pb block £ 5 cm. thick was plaoted between the counters 1 and 2, while in 
arrangement (1) the block L was placed between 2 and 3. 

If some penetrating ionising particles are produced in L, by any non- 
ionising agent in cosmic rays, the number of threefold ooinoidenoas (234) in 
the arrangement (2) should bo greater than (234) in arrangement (1), The 
difference would be a measure of the number of ionising penetrating particles 
which are produced by non-ionising agents in L and ore able to discharge the 
counters 2, 3 and 4. 

They have observed that the number of threefold coincidences (234) 
is 1*6±0*6% larger in the position (2) than in the position (1). But 
the difference between the number of threefold ooincMenoes (234) and the 
fourfold coincidences (1234) increased by only 0*18% Vdth such a 
shift of the absorber L. This increase ought to have been the same as that 
for the threefold coincidences. They concluded from these results that at 
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sea level the number of penetrating ionising particles created by non-ionising 
agents in cosmic rays is negligibly small, and the positive results reported by 
previous workers might be due to some spurious phenomena such as side 
showers, etc. 

The facts mentioned above clearly indicate that the results obtained by 
different workers regarding the creation of mesotrons by non-ionising agents, 
photons as well as ‘ neutrettos ’ in cosmic rays, are not in agreement with 
each other and no definite proof of the creation of mesons by ‘neutrettos' at 
sea level has yet been obtained by any of the observers. It was therefore 
thought worth while to repeat the investigation in Calcutta using an anti- 
coincidence circuit, which is different from that used by Rossi, Janossy, 
Rochester and Bound. The results obtained in Calcutta, however, do not 
agree with those obtained by Rossi, Janossy, Rochester and Bound. 

Experimental Tbohniqite. 

(a) The arUucmncidence circuit. 

With an arrangement used by Rossi, Janossy, Rochester and Bound as 
is shown in Fig. 7 the number of coincidences (1234) and that of the threefold 
coincidences (234) recorded simultaneously are almost the same, but when the 
lead plate placed between 2 and 3 is removed to the position between 1 and 
2, the number of threefold (joincidences (234) increases. The difference between 
the threefold coincidences and the fourfold coincidences (234-1234) gives a 
measure of the non-ionising rays producing the ionising rays in the lead block 
passing through 2, 3 and 4, 

If, however, a circuit is designed in which only threefold coincidenoes 
(234) will be recorded while the fourfold coincidences (1234) do not energize 
the recorder at all, the simultaneous counting of the threefold and fourfold 
coincidences can be avoided. This will greatly simplify the experimental work 
and will produce more reliable results. Such, a circuit is called the anti- 
coincidence circuit. Herzog (1940) described a circuit made on this principle. 
While this work was in progress Rossi and Regener (1940) reported the results 
of investigations similar to ours in which an anti-coincidence circuit was used. 
They carried out the investigation at an altitude of 4,300 metres and obtained 
positive results regarding the creation of mesotrons by neutral particles. In the 
present investigation an anti-coincidence circuit was designed in which only 
threefold ooinoidenoes (234) and no fourfold coincidences (1234) could energize 
the recorder. 

The diagram of the circuit Used in the present investigation is shown in 
Mg. 8 . Just as in the case of Rossi's ooinoidenoo circuit the three tubes T*, 
Tz and are connected in parallel and are then connected through a common 
anode resistance JK 12 to the positive terminal of the 220 volt supply (D.C.) 
for the plate voltage. These tubes are kept fo a conducting stage, so that 
there is originally a potential drop across B 13 . Wlien a charged particle 
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passes through the three Geiger Muller counters JSj, and Z^ the potentials 
at the points and A4 decrease momentarily so that negative pulses are 

transmitted to the grids of the tubes T2, and T4. Thus the tubes come to a 
non-conduoting stage fiom a conducting one and at once the potential at the 
point B increases. A positive pulse is thus sent to the grid of the thyratron 
Tt. which is kept in a non-conducting state by a negative bias of 16 volts. 
This positive pulse drives the grid of the thyratron positive with respect to 
its cathode, so that the thyratron at once flashes and the mechanical counter 
(a telephone call counter) inserted in the plate circuit of the thyratron is 
energized. Thus the threefold coincidence is automatically registered. If, 
however, a discharge passes through only one or two of the three counters Zg, 



Cl == Cg Oa w* O 4 «*» *(K) 01 #ijF, Oq * 001 ^, 

JSg “■ -Ra = lAfi?, Rj =ss R 7 ssB. Np Rii * 

Rjo “ ^4 Rfi ^ R^ ™ Ris *26ildrtOy 
Ri^lOMQ, Ri8-«‘04MiJ, 

- GTyO , Tg « iTa «= «» ROA 57 

Zs and Z4, the thyratron relay is not actuated, because in this case due to the 
pax^llel connection of the three tubes Tg, Ts and T4 the change in the potential 
at the plate of Tg is very small. Hence neither the twofold ooinmdence nor 
tlxe independent discharge of any of the three counters is recorded. When, 
however, a charged particle posses only through the counter Zj the grid of 
the tube Tj receives a negative pulse* Thm the tube Ti, originally maintained 
in a conducting stage, becomes momentarily non-conducting, thereby creating 
a positive pulse at E which ie transmitted to the grid of Ts* Since fs is origin 
nally kept just in a non-oonduoting state by a negative bias of 3 volte only, 
the positive pulse brings it to it conducting stage, A negative pulse is thereby 
Impressed^ on the grid of the tihyratrou, Thtis a discharge in counter ^ 
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which sends only a negative pitlse to the grid of the thyratron is never recorded 
in the call counter. 

Therefore, when a single charged particle passes through all the four 
Geiger Mtliier counters ^ 3 , Zg, Zg and two pulses, one negative due to the 
discharge of Zx and the other positive due to the discharge of Zg, Zg and Z*, 
are impressed simultaneouBly on the grid of the thyratron. When the strength 
of the negative pulse is either equal to or greater than that of the positive 
pulse the thyratron does not flash and so the fourfold ooincideace is never 
recorded. When, however, an ionising particle passes only through the three 
counters Zg, Zg and Z 4 and not through Zi a positive pulse is delivered to the 
grid of Tg so that the call counter is energized. Thus it is found that with 
this circuit, only threefold coinoidem^es Z^7j%Zj^ can be recorded. The counter 
Zx will be called the anticonnter while Z^, Zg and Z 4 will be called coincidence 
counters. Thus, with an arrangement of counters as shown in Fig. 7 having 
the topmost counter as anticounter, called Zi, and with a lead absorber L 
between Zj and the next counter Zj, the passage of a neutral particle through 
Zj, Zj, Z 3 and Z 4 will be recorded if it produces an ionising particle in L which 
discharges Z 2 , ^3 and Z 4 , because the counters Zx cannot be discharged by 
the neutral particle. 

To bring the circuit into a working condition careful attention was paid 
to the fact that the negative pulse delivered to the grid of the thyratron through 
the capacity Cg was never smaller than the positive pulse transmitted through 
(7g*. This condition was obtained by using a large value of Ri 
and JRji (^2xlO<^i3) and amplifying the negative pulse from the counter 
Zx one stage more than the pulses from the counters Zg, Zg and Z 4 . The 
strength and shape of the pulses were tested with a cathode ray oscillograph. 
The nature of the pulses on the oscillograph screen also indicated that the 
negative pulses were of a little longer duration than the positive ones. This 
ensured the neutralization of the positive pulse even when a very small time- 
lag between the positive and the negative pulses might exist owing to a little 
difference in the characteristics of the two circuits producing these two pulses. 

In the actual construction of the circuit arrangements are also made so 
that either only threefold coincidence, twofold coincidence or single countings 
can hfi recorded whenever desired. The circuit is also completely shielded from 
external radiations. 

(b) CoufUers med. 

The counfors used are of the self- quenching type and were prepared in 
this laboratory. The outer ehHjtrodcH, cylindrical in shape, are of thin copper 
sheet oxidised to bliuik oxide of copper. The central wire is of tungsten of 
diameter *02 cm. The envelope is made of pyrex glass tubes. The copper- 
oxide electrode has a length of 15 cm. and an internal diameter of 2*5 cm. 

* The authors* thanks aws due to Dr. H. L. Hen Qupta for jM^mting out the udcmsity 
of this ccmdition being satisfied for getting anti-coiimidenee, 
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The gas mixture used consists of argon and petroleum ether in the ratio of 
2 : 1 with a total pressure of 5*4 cm. of Hg.* 

The first voltage stabiliser circuit of Neher and Pickering was used to get 
a source of steady high voltage necessary for the counters. 

The counters used stari at very nearly the same potential of about 1,150 
volts and have a plateau of about 300 volts between 1,200 volts and 1,500 volts. 
They were operated at 1,250 volts during the experiments. 

The efficiency of the counters has been measured according to the methods 
of Street and Woodward (1934) by measuring the triple ooinoidences of three 
counters placed in a vertical plane and then measuring the double coincidences, 
with the middle ooimter removed and the two end-counters kept in tlie same 
position. Triple accidental ooinoidences as also the double accidental coinci- 
dences of the two end-counters have also been determined. The efficiency 
of the middle counter is given by the ratio of the real triple coincidence counts 
to that of the real double coincidence counts 

The efficiency of all the four counters used together was found to be above 
about 99’6%. 

The time constant of the twofold coincidence circuit comprising the 
tubes Tj, Tg, and the counters and Zj was determined from the rate of 
double accidental coincidences, and the single countings of the two Geiger 
Mfiller counters. The number of double accidental coincidences per second is 
^32 ae 2 ^ 8 ^ 2 '’* (Johnson and Street, 1933) where ^3 and are the single 
countings of the counters per second and t is the time constant of the circuit 
in seconds. The experimental value of r was 4*97 X 10-^ sec. 

The efficiency of the anti-ooinoidenoe circuit is determined with an arrange- 
ment of counters as shown in Fig, 9. Zi is the anti-counter. All the rays 


I Z2 

Z. 

Z4 

Fia. 9. 

* The counters were prepared according to the instruction kindly given by Drs. 
Neher and Pickering who vmiM this laboratory during their recent tour in India with 
Prol, MiUikaiv 



BY NON-IOKIfilNO AGBKTS IN 009MI0 RAYfiL 


passing through Z 2 \ and Z 4 must also pass through Zit so that whenever a 
charged particle passes through Z^ and a positive and a negative pulse 
are simxdtaneously impressed on the grid of the thyratron so that the thyratron 
relay is not actuated. Thus no fourfold coincidence should be registered with 
this arrangement of the counters. 

Therefore if ni be the number of the triple ooinoidenoe per unit time for 
the counter telescope Z^Z^Z^ without the anti-counter Zi and % the number 
of fourfold coincidences per unit time with the anti-counter Zi placed between 
Zg and Zg, the efficiency of the circuit is given by the ratio (ni«-wg)/ni. 

Hence with the arrangement of the counters as shown in the Fig. 10, »i 
and Wg were determined without using any absorber between the counters and 
from these values of ni and n-g the efficiency of the anti-ooineidence circuit was 
determined, and was found to be 99*33%. 

As already mentioned, Herzog (1940) as also Kossi, Janossy, Rochester and 
Bound (1940) have published two different anti- coincidence circuits, Herzog's 
circuit is very much similar to ours and the efficiency of his circuit is stated 
to be more than 98%. Rossi and others claim a cent per cent efficiency of 
their circuit. Their circuit is however very complicated. The anti-coincidence 
circuit used in the present investigation is very simple and yet quite efficient. 

Experimental Arrangement and Results. 

The arrangement shown diagramatioaliy in figure 10 was used for investi- 
gating the non-ionising component of the cosmic rays capable of producing 
ionising penetrating particlt^s while passing tlirough an absorber of lead. The 
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oountrer battery A consists of three counters connected in parallel 

and forms the anti-counter which when discharged imparts a negative pulse 
to the grid of the thyratron. The total width of the counter battery A juf*t 
covers the angle subtended by the diameter of at Z^. is a lead block 
10 cm, thick placed permanently between Zg and Zg. A lead block 6 cm. 
thick is iirst placed at Ri between Zg and Zg and is next shifted to Bg between 
A and Z 2 . Rz is a lead block the thickness of which has been varied from 0 to 
25 cm. in order to investigate the absorption of the incident non-ionising com- 
ponent which produces ionising penetrating particles in R%. With the arrange- 
ment used in the present investigation the resultant pulse due to the passage 
of a charged particle through all the four counters, A, Zg, Zg, Z 4 , does not 
energize the thyratron and hence the recording instrument (a telephone call 
counter), but the positive pulse due to the coincidence of Zg, Zg and Z 4 not 
accompanied by the discharge of the counter A are recorded. These later 
coinoidencea will be called the anti-coincidences Z^Z^Z^ — A* The experiment 
was carried out in a one storied building having a light roof. The counters 
and the absorbers were placed in the respective positions on an iron frame. 
The results obtained with various disposition of the absorbers are given in 
Table I. Standard statistical errors are also included in these results. 


Tabxo^ h 


Disposition of absorbers. 

Total time 
of 

experiment 
in hours. 

Total number 
of counts 

Counts 
(Z^ZfyZ^'^A) 
per hour. 

/?, 6 orn. ; iJg «=» iJg * 0 cm. 

40-42 

8ft 

2-10 t0 22» 

tn:* 5 cm.; jRg 0 cm.; ^ 2*15 ora. . . 

43 

91 

2n6t0'222 

5 cm. ; =* 0 cm . ; 5 om. 

84 

73 

2147tO’2Al 

By ^ 0 cm. ; /? jj 6 cm. ; jRg » 0 om. 

97 

352 

3-«3 1 0-194 

Hy =« 0 cm. ; ft cm. ; iJg ^ 2’ft om. . . 

104 

343 


By 0 cm.; fJa “ 5 ora. ; ft cm. 

101 

310 

3009 1 O' 174 

r. 0 cm. ; 5 cm, ; — 10 om. . . 

105 

2»4 

2’ 80 1 0*103 

By 0 cm. ; ^ ft cm. ; R^ ^ 1ft cm. . . 

75 

209 

2786^0-198 

— 0 om. ; ,^4 nw 6 cm. ; Kj* — 25 om. 

00 

2«7 

2-781 i 0*1 70 


DisoimsioN OF Rkotlts. 

The results in Table I show that the number of anti-coincidenoes> i,e. the 
number of events in which the three counters Zg, Zg, Z 4 are discharged simul- 
tamK)u«ly while the countew system A remains unaffected, increases from 
21 ± *228 to 3*6H±194 per hour on shifting the lead absorber, 5 cm. thick, from 
Ri to 'I'his may be interpreted in two ways: ( 1 ) a nondonismg component 
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of cosmic rays creates, while trarersing St> ^ charged particle which passes 
through the counters Zg, Z% and Z4 and can thus penetrate 10 cm. of Pb and 
(2) side showei*s discharge Zg, Zg and Z4 without striking the counter system A 
and the number of such incidents increases on shifting the absorber from Bi 
to Jig. Let us first consider the possibility (2), Prom the results of their 
investigation Bossi, Janossy, Boohester and Bound (1940) came to the con- 
clusion that the side showers were responsible in tbeir arrangement for the 
increasebyabout 1*4% of the threefold coincidences Z2Z8Z4 when the absorber 
was shifted from to They recorded the fourfold and three- 

fold ZgZaZ4 ooinoidenoes simultaneously and thus foimd out the number of 
threefold ooinoidenoes not accompanied by the fourfold coincidence. These 
events (called anti-coincidences by them), however, were found to increase only 
by about *18% of the threefold coincidences. If charged penetrating particles 
produced by the non-ionising component in the absorber at i?g were responsible 
for the increase in the threefold coincidences Z2Z3Z4, the number of anti- 
coincidences should have increased by the same amount. Since the number 
of anti-coincidence was observed not to increase by more than 0*18% the major 
portion of the increase in the number of threefold coincidences was ascribed 
to side showers. The presence of side showers was further demonstrated by 
placing a Wilson chamber between Zg and Zg and photographing such showers, 
but removing the absorber 1^4 so that even electrons and positrons of the 
side showers could discharge the two counters below the chamber. 

In the present investigation, the presence of side showers was investigated 
by displacing the counters in the hormontai directions at right angles to their 
lengths, so that they did not form a counter telescope. The side showers 
in this case also had an equal chance of causing the threefold coincidence 
without discharging Zj as in the case of the counter telescope. The results 
given in Table II, however, show that the observed number of side showers 
being only 0*37i:'019 per hour when 6 cm. of Pb is placed at Bg and 0-17±*01 
per hour when the absorber iJg is absent, the increase in the number of anti- 
ooinoidenoes with the shift of absorber from Ri to iJg cannot be accounted for 
by the side showers. Also the increase is much greater than the standard 
statistical error. Hence the resultis lead to the conclusions that the observed 
increase in the number of anti-coincidences with the shift of the absorber is 
due to the non-ionising component of the cosmic rays which produces charged 
particles in the absorber at jRg. 

TgJS£4S II. 




No. of 



No. of houra. 

ftntl- 

eomcidenoea 

due to aide 

No. of 

per hour. 



showers. 


jBg ^ 5 owas. , . 

SO 

11 

0-87 1 Of# 

.. .. 

41-0 

7 

017t"01 
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It was observed that with the same arrangement of the counters Zf, 

2/4 as described above but with the circuit of the counter A disconnected from 
the grid of the thyratron the number of triple coinoidenoes with i ?8 in the 
position shown was 24*41 ±*31 per hour. Hence the neutral component 
being 1*3 per hour was about 5*4% of the total penetrating ionising component 
of the cosmic rays. This is much higher than that reported by Rossi, Janossy, 
Rochester and Bound who observed the neutral component to be only 0*18% 
of the total penetrating component. In the present investigation, the back* 
ground with no absorber at is 2*1 counts per hour which is very large. 
As explained above, this background was not due to side showers but was 
due to the length of counter being much larger than what would remain 
entirely within the solid angle subtended by the anti-counter at the counter 
Z 3 . This stray effect was, however, oonstautly present for all the thicknesses 
of the absorber Bg and hence it can be presumed that it remained constant 
when the absorber was put at Bg and consequently there is a genuine increase 
in the anti-coincidence with the shift of the absorber from to i?g. Further, 
the increase was much less when a Pb absorber of thickness 10 cm. was placed 
at ZZg. Further increase in the thickness of Bg does not appreciably affect 
the number of anti-coincidences observed with the absorber in Bg. This fact 
shows definitely that there is a non-ionising component capable of producing 
ionising penetrating particles in Bg and that part of this non-ionising component 
is completely absorbed by 10 cm of lead and the remaining port is not absorbed 
by 26 cm. of lead. The former port is probably the photon component and the 
latter part may consist of neutrettos. If this interpretation is assumed to be 
correct then the percentage of these neutral particles producing mesotrons at 
sea level is only about 24 % of the total number of mesons, Rossi and Regener 
observed that at an altitude of 4,300 metres these neutrettos which produce 
mesotrons are less than one per cent of the total mesotron intensity. 

The results of the present investigation are apparently contradictory to 
those of Rossi, Janossy, Rochester and Bound (1940). The circuit used by the 
latter authors, however, was not actually an anti-coincidence circuit and the 
side showers might be responsible for increase in the number of fourfold coin- 
cidences with the shift of the absorber fmm j to Sg and in that case the difference 
between the fourfold and threefold coinoidenoes recorded by them would be 
diminisbed. The results reported by them actually indicate that the number 
of fourfold coinoidenoes (ABCD) increased with the shift of the absorber from 
Si to sg, because while the number of threefold coincidences increased by 
1 * 6 %, the difference between the numbers of threefold and fourfold ooinoi- 
dences increased only by •18%, Such spurious fourfold coincidences would 
not affect the total number of anti-coincidences recorded with the circuit 
used in the present investigation. Probably this explains the disorepanoy 
between the results of the present investigation and those of Rossi, Janosay, 
Rochester and Bound. 
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In conclusion the authors take this opportunity of expressing their 
gratitude to Prof. M, N. Saha, F.R.S., for his kind interest and guidance 
during the progress of the work* 


Summary. 

The production of mesons by non-ionising agents in cosmic rays has been 
investigated using an anti-coincidence circuit consisting of four horizontal 
oo\inter systems placed one below the other to form a vertical counter telescope. 
The topmost system formed the anti- counter imparting, on passage of a charged 
particle through it, a negative pulse to the grid of the thyratron of the recording 
circuit, while the lower throe systems formed a threefold coincidence circuit 
imparting a positive pulse to the said grid. It has been observed that with a 
lead absorber 10 cm. thick between the bottom and the third counter and on 
shifting a lead absorber 2 cm. thick from its position between the second and 
the third counter to a position between the topmost counter and the second, 
the number of anti-coincidences increased by 5 % of the total vertical intensity 
of the mesons. On placing an absorber of lead 10 cm. thick on the top of the 
anti-counter, this increase was only 2% of the said mesotron intensity. It is 
concluded that the latter increase might be due to production of mesons by 
neutrettos in the lead absorber between the first and the second counter while 
the total increase of 6% might be that due to both photons and neutrettos. 
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DEVELOPMENT OF SEED AND ITS NUTRITIONAL MECHANISM IN 

SCBOPHULARIAOEAE. 

Part I. 

Rhamphicarpa hngiflora Bonth., Centranthera hispida. Br., and Pedicularia 

zeylanica Benth. 

By C. V. Krishna Iyengar, Department of Botany, University of Mysore^ 

Mysore. 

(Communicated by Dr, P. Maheahwari, D.Sc,, F.A.Sc., F.N.A.Sc., 

F.NJ.) 

(Received January 19, 1942.) 

The author has already studied the development of the embryo-sac and 
endosperm haustoria in several members of Scrophulariaceae (Krishna Iyengar, 
11137, 1939cwj» 1940a-c, 1941, and 1942a-6) of which two are parasitic. This 
paper deals with three additional parasitic members of the family. 

Several parasitic genera have been studied by various investigators from 
time to time. Balicka Iwanowska^s (1899) is an early contribution of groat 
significance in this line. Schmid’s (1906) work happens to be of an outstanding 
nature, and this includes several parasites like Euphrasia, Lathraea, Melam- 
pyrum, Pediadaria, Aleciorolophus and Tozzia. Michell (1915) describes the 
formation of the chalazal haustorium and basal cell haustorium in Striga lutea^ 
and Gli5i6 (1932) has given a very thorough account of Lathraea squamaria. 
A point of special interest in his paper is the sequence of the early divisions 
during endosperm formation. While Schmid (1906) mentions that the second 
division is usually transverse, GliSi6 contends that this is often longitudinal. 
A more recent paper by Gligi6 (1936-37) deals with the various types of endo- 
sperm in Scrophulariaceae with a view to trace their relationships and evolu- 
tionary tendencies . 

Materials an© Methods. 

Oen^mTirtera was collected fmm the marshes and neglected paddy fields, 
and Rhamphicarpa from the grassy slopes roimd about Agumbe. Peddcidaris 
was collected from Doddabetta near Ootacamund. The first two materials 
were fixed in ohromo-aoetic acid solution with some osmic acid and the last 
in Bonin’s fluid. Sections were cut between 7 and 12 microns according to 
the required stages and stained in Heidenhain’s iron-alum haematoxylin. 


Ovule. 

The ovules are anatropous in Rhamphicarpa and CenimisBwta but campy- 
Iptropous in and arranged on the thick placenta, which in Sham- 
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phiearpa shows a loose structure with large air spaces. The ovule is composed 
of a reduced nucellus and a single thick integument characteristic of the 
family in general. The integument comprises three regions, the two epidermal 
layers with a thick tissue in the middle having stored food materials. Oil 
globules are abundantly deposited in the outer epidermal layer when the 
embryo-sac is mature. The inner epidermis develops into the tapetum which 
lines the developing megaspore mother cell and tlie megetspores. The nucellus 
is generally composed of a large archesporial cell and a single layer of jacket 
cells, 

Rhrnnphicarpa longijlora Benth. 

Embryo-aac , — -The largo hypodermal archesporial cell directly becomes the 
megaspore mother cell and begins to enlarge significantly. At times two 
archesporial cells have also been noticed, although the formation of two tetrads 
in the same nucellus was not observed. In one or two instances the ovule was 
binucellate and showed two tetrads as in Fig. 8. A few stages in the formation 
of the tetrad have been noticed. Nine bivalents were noticed at the diakinesis 
stage (Fig. 3). The second division takes place simultaneously in both the 
dyad cells (Fig. 6) resulting in a linear tetrad of megaspores. The outer 
three megaspores invariably degenerate while the innermost functions and gives 
rise to a normal eight nucleate erabryo-sac (Fig. 9). Starch grains are present. 
The dilated micropylar part of the embryo-sac shows the egg-apparatus com- 
posed of two large tapering synergids having a small nucleus and a large 
vacuole. The egg, which is deeply placed^ lies in the neighbourhood of the 
secondary nucleus, and a large vacuole makes its appearance between the 
antipodals and the secondary nucleus. During this period the cells of the 
nuoellar jacket lose their contents and show a significant reduction in size. 
The integumentary tapetum which at first surrounded the entire nucellus is 
now confined only to the non-dilated part of the embryo-sac. 

FertilizaMon . — The pollen tube enlarges very much in the embryo-sac and 
destroys one of the synergids. Of the two sperm nuclei discharged into the 
sac one approaches the egg and the other the secondary nucleus. Actml 
fusion was not seen but may he inferred from the position of the male gametes 
seen in Fig. 10. The antipodal cells degenerate shortly after fertilization. 

Endoaparm , — ^The first division of the primary endosperm nuoleua is 
followed by a transverse wall resulting in the separation of a chalazal ohomber 
from an outer one (Fig. 11). The second division, which is longitudinal, takes 
place only in the micropylar chamber (Fig. 12). In the obalazal chamber 
there is only a nuclear division resulting in a binucleate haustorial body. The 
third division, which is transverse, separates the two micropylar haustorial 
cells from the two middle cells (Fig. 13). A series of longitudinal and trans- 
verse divisions takes place in the latter resulting in a well-developed endosperm 
tissue. This is composed of smaller cells towards the two ends and larger 
cells in^he middle, the latter with a rich deposition of starch in them. 

; 8b 
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BhamphKorpahng^UmtBmth. 

Fia. 1. ArolidH|>orial oelL xl095. Fio. 2. Ma^pore mother oeU aad 
X 420. Fxo. 2. Dieldnesia in the xoegaepore mother o^. x 1460. Fio. 4. Foriimtioa of 
the two dyade. x 640. FiO. 6. Dlvieion of the dyade. X 640. Fxo. 6. A linear tetrad 
of megaeporee^ X 640, Fxo. 7. Two nucleate et^ of the embryo-aao. X 640. Fro. 6. 
BhmoeUate ovule with two tetrada. x640. Fro. 0. Mature embryoHaao. x820. 
Fm. X0. Astage in fertniaati^^ X 640. Fio. U . Firot division of the primaiyeiidoBi^^ 
mxdeo*. X820. Fto. 12. Second dlvieton of the same. X02O. Fro. 18. Differentia* 
tien of <Xie hauttc»4al and x820. 14. Diagram showing early 

divtdoiiu} in the primary endosperm nucleus. Fro. 16. Formation d (a) tetm*iiu(deate 
miciropylarand (o)bixm&^ faaustoria. f%a. l0. Formationoftetra- 

nao&tftte mioropylftf and a blnuoleate cdiidaatil hanstoria-Hd%htly older stage, x 160. 


Fm. 17. Micropylar haustoriuin. x320. Fio. 18. ChalaKal liauAtorixim. x320. 
Fzo. 19. Loxig. fiteotion of a young ^aed ahowing tba variotiB parta. x975. 20. 

Chakueal and mioropylar (part) haustoria enlarged, x 320. Fza. 21 . Transverse aeotion of 
a young seed to show the branohes of mioropylar haustorium, endosperm and other psuts, 
X 100. Fio. 22. Hypertrophied nuclei of mioropylar haustorium. x 780. Fio. 23. 
Loiu. section of an almost mature seed. x05. Fio. 24. Tangential section of 
epidermis. x65. 

C?e»*ronljWra hUp^ Bt, 

Fxa. 25. Formation of the ovule. x640. Fxa. 20. Ovule with two archesporial 
ceUs. x040. Fto. 27. Enlarging arohei^riat cell and integument. x040^ F^«h 28. 
First diviMotx of the megaspore mother cell. X 1095^ Flo. 29, Socond diirlsiodft 
mega^mre mother oell. > 1099.^ Fio. 30. I>ialiiiMMds hi the nikwoMMim mbthOr oclh 
■X1095, 
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BmAUor cells have dense protoplasmic contents and are probably conoemed 
with the transportation of nutritive material from the haustoria to the more 
deeply placed endosperm tissue. This peculiar function of the terminal 
endosperm cells seems to be a common feature in several members of 
Sorophulariacoae. 

Embryo , — The fertilized egg remains as a shoit; tubular structure for a 
long time. Its further development takes place only after the organisation 
of a rich endosperm tissue. At this stage the pro-embryo elongates consi- 
derably and makes its way through the tiers of endosperm cells. The stages 
observed indicate that its development is of the Capaella-iy^iA, 

Development of Haustoria, — ^l’‘he ohalazal luiustorium is the first to be 
organised. As already reported there is only a nuclear division here resulting 
in a single binucleate organ (Fig. 18). This begins to elongate into a tubular 
body, and eats its way into the vascular traces of the integument. The terminal 
part is slightly bent and enlarged with the two nuclei migrating into it. The 
cells in its neighbourhood show all stages of disintegration, demonstrating the 
aggressive nature of the haustorium (as in Fig. 20). This haustorium is the 
first to commence its activity and also the first to degenerate. 

The two micropylar cells become binucleate (Fig, 13) and fuse at a very 
early stage by the dissolution of their separating wall. This haustorial body 
is tetra-nucleate and grows towards the ohalaza, along the vascular traces of the 
hilum, digesting and disorganising the tissue coming against it and finally finding 
its way into the bend formed by the ohalazal haustorium and enlarging distally 
(Figs. 19 and 20), The miorppylar haustorium is thus a highly aggressive 
tubular body. One or two nuclei are seen in this tube. At times the two 
haustoria (micropylar and ohalazal) are so close and the disorganisation so 
thorough that they almost communicate with each other — a remarkable 
feature of this plant. It is also notict^d that at times two haustorial tubes 
develop instead of one (Fig. 21). A similar situation is met with in ifeZam- 
pyrum. The micropylar haustorium is several times the siztj of the ohalazal 
and its nuclei are also much larger. 

Older micropylar haustoria show amoeboid and hypertrophied nuclei 
m represented in Fig. 22. A few outgrowths are seen all round the nucleolus. 
The contents of the haustorium are denser and stain deeply. Cellulose network 
is also present, a portion of which lying in the terminal part of the haustorium 
is rejireseiited in Fig. 20. 

Jntegmn.ent and seed coat , — The tapetal wall remains unaltered for a long 
time, except for a thickming of the cuticle inside. While the endosperm and 
embryo are maturing the tapetal layer gets more and more reduced in size 
until at last it is almost obliterated. The middle layer of the integumentary 
tissue is also absorbed by the haustorial activity and at the mature embryo 
stage very little of it is left intact. The epidermis of the testa becomes thick 
walled (Figs. 23 and 24) and assumes a protective rdle. 
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Centrafiihera hiapida Br. 

A study of the pollen development was undertaken to count the chro- 
mosomes. The diakinesis stage shows 16 bivalents (Fig. 30). 

DevdopmerU of Embryo-sac , — large hypodermal arohesporial cell directly 
becomes the megaspore mother cell. Occasionally two such cells are noticed 
(Fig. 26). The formation of a linear tetrad, the invariable degeneration of 
three megaspores and the development of the innermost megaapore into a 
normal eight nucleate embryo-sac take place as usual. The S 3 mergid 8 are 
large and the egg is deeply placed. The two polar nuclei fuse at an early stage 
giving rise to the large secondary nucleus (Fig. 32). The antipodal cells are 
small and confined to the tapering chalazal end. While the embryo-sac is 
developing, the nuoeUar jacket cells lose their contents and disappear so that 
the embryo-sac comes in contact with the tapetum. The tapetal cells which 
line the non-dilated part of the sac are large and rich in protoplasmic contents. 

Fertilization , — Pollen tubes have been observed in the embryo-sac and the 
destruction of one of the synergids was also noticed. The antipodals persist 
for some time after fertilization, but degenerate and disappear during early 
stages in endosperm formation. 

Endosperm formation and embryo , — The sequence of early divisions of 
the primary endosperm nucleus leading to the differentiation of the endosperm 
cells and haustoria (Pigs. 33-35) and the formation of endosperm tissue and 
embryo are identical with those in Bhamphicarpa, 

Endosperm Haustoria , — ^The binucleate ohalazal cell is the first hausto- 
rium to be organised. This does not develop, appreciably but remains small 
even in late stages of seed formation. Its poor cell-contents, reduced nuclei 
and non-aggressive nature even during older stages indicate that the cells 
have only a minor haustorial action. 

The two micropylar cells show only nuclear division and become binu- 
cleate. An early dissolution of the separating wall between the two cells 
results in a totra-nuoleate body, but this also is only weakly haustorial (Fig. 
40). 

Some of the endosperm cells which are smaller become active at a very 
early stage and develop lateral haustorial tubes which oat their way into the 
tapetum (Fig. 38) and begin to digest the integumentary tissue (Fig. 37). 
These tubes are simple, unbranohed, uninucleate and highly aggressive, ending 
just below the epidermis. Their growth seems to be lateral and then towards 
the ohalaza. Even in the most advanced stages of seed formation a little 
tissue with poor oell-oontents is persistent in the neighbourhood of the micro- 
pylar haustoria (Pig, 43). The term ^Secondary Haustoria' (Author, 1939c. 
was previously applied to such cells, but it seems that 'Lateral Haustoria* 
is more expressive. At times the ends of the haustoria coalesce as represented 
in Pig. 39, although these vermiform structures take a parallel course and present 
a rose^te4ike appearance in the fully formed seed. It is also noticed that aB 
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Flo. S I . Linear tetrad of megaapore^i. x 640. Fio. 32. Mature eizibryo»Bao. X 480. 
Fio. 33. First tUvisioii of the primary eudoeperm uuoleue. X 320. Fio. 34. Second 
divkkm of the primary 6ttdofl|}erm nuoleiia. x460. Fio. 85, Differentiation of the 
haustoda and enaoepem^ X480. Fxo. 36. I)iagram to ehow the eequexioe of divieioiia m 
the primary endoapemx nuoleos. Fio. 37. Lon^ eection of yoting seed Showing the 
endoi^penn and hanstorta. x320. Fxo. $8* Formation of seccnodaiy haiwtoria. X 320. 
Fio. $8. SH^tly older stege of Fig. 37. xl60. Fio. 40. Almost non^funotional 

imorcpTlar X365, Fro. 41, Ncm«fimotioiial ehalasal Imuetoriiim, XT30. 

42. Degenerating chalaa4l haostodum and enlarged tapetal cell, x320, Fxo. 43. 
tiong^inetkmdfanidin^ X97*5. 



Fxo. 44. Embryo^sao. X 16Q. Fio. 44a. Primary endosperm nuoleoxe. Xd^. 
Fxa. 45. First and second divisions of th& primary endosperm nucleus, x 160. Fxa. 46, 
Diagrammatic representation of the primary endosperm nucleus and its early divisioos. 
Fxo. 47. ^Dong. section showing the variotis p^ts. X 97-5. Fia. 48. Mioropylar 
haustorlum. x$20. Fio.49. Ohalasal haustorium. Xd^. Fxo. 60. Ixmg. Seoti^ of 
a young seed. x65. Fm. 51. Mioropylar haostorium enlarged* K160. Fxo. 58. 
Chalaical haustorium enhuned. x 160. Fxo. 53. Nuclei of micr<mylar (a) atid ehafaal 
(6) haustorU. xOiO. 
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th«se hauatona do not traverse the entire length of the ovule. Thus the 
ohalazal part of the ovule is never attacked by the haustoria. Older haustoria 
show hypertrophied amoeboid nuclei with rich chromatin material. 

Tapetum , — While the endosperm is developing the tapetum shows some 
differentiation in its size and structure. The cells in the vicinity of the pros- 
pective secondary endosperm haustoria become larger than those lining the 
endosperm tissue and also show richer contents (Fig. 37). The largest colls 
are however seen near the non-ftinctional chalazal haustorium. These are 
six in number, broader towards the endosperm tissue and tapering towards 
the ohalaza. They assume an enormous size — at times each of them becomes 
as large as the chalazal haustorium, and their nuclei are larger than those of 
the ohalazal haustorium (Fig. 42). By their proximity to the richly staining 
chalazal tissue and by their rich contents, thin cell-wall and other features, 
it is reasonable to infer a probable haustorial function of these cells. It is 
thus a rare instance of a parasite where the tapetum shows such a high organi- 
sation and differentiation in its structure and functions. Thus the tapetum 
not only acts as a repository for food material but also assumes a digestive 
and absorptive as well os a partially protective rdle. 

Seed Coat . — During the formation of the seed coat most of the integu- 
mentary tissue is digested and absorbed and the protective function is performed 
mostly by the thick-walled outer epidermis of the integument and partly by 
the thick cuticle of the tapetum. 

Pedicularia zeylanica Benth. 

Embryo^aac . — ^As in the preceding species, the nucellus is extremely 
reduced and the embryo-sac is of the normal eight-nucleate type (Fig. 44). 
The enlarged mioropylar port of the sac is very much elongated and the chalazal 
is short and narrow. The integumentary tapetum, which is composcKi of 
large cells, lines only the narrow chalazal part, the persistent nuoellar sheath 
being interposed between. Starch grains are abundantly deposited not only 
in the integument but also in the embryo-sac. Three small antipodal cells 
are present at the ohalazal end of the sac, and the nuoellar tissue in this region 
is rich in protoplasm. The two polar nuclei fuse to form the secondary nucleus . 
The egg-apparatus which is composed of two small synergids and an egg is 
surrounded by protoplasm with innumerable starch grains scattered in it . 
The integumentary tissue bordering the micropyle is specially rich in starch. 

Enibryo and Endosperm . — Just as in the other members of this family 
the fertilised egg becomes tubular and its further development takes place 
only after the organisation of the endosperm tissue. Some of the stages in 
the development of the embryo have been studied and these are similar to those 
in other members of the family already observed and reported by me. 

The primary endosperm nucleus assumes a significant size (Fig. 44tt) and 
imdiergoeB two divisions followed by transversely placed walls resulting in a 
row of three cells, the mioropylar, the middle and the chalazal (Fig. 45). The 
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third division which is longitudinal k confined to the middle chamber, while 
only nuclear divisions take place in the other two chambers which later develop 
into the haustoria. Fig. 46 gives a diagrammatic representation of the sequence 
of divisions. Subsequent divisions in the two middle cells form the endosperm 
tissue, which is differentiated into smaller cells towards the two ends (Fig, 60) 
and the centrally plaoeni large cells. 

Endosperm haustoria, — ^The nucleus of the micropylar chamber under- 
goes two divisions resulting m a totra-nuoleate aggressive haustorium. Al- 
though no separating wall is generally seen there or© a few oases where an 
incomplete partition is noticed indicating thereby the probable two-celled 
ancestry of this haustorium (Fig. 48). Just above the level of the tapetum 
a tubular outgrowth begins to develop (Pigs. 48 and 51) into the integumentary 
tissue and all the four nuclei gradually migrate into this. Thk becomes a 
conspicuous tubular unbranohed body which is highly aggressive and shows 
a tendency to grow towards the ohalaza (Fig. 51) — although not to the same 
extent as the ‘ Lateral Haustorium ^ of Rhamphicarpa, Older lateral haustoria 
are characterised by having laiga hypertrophied amoeboid nuclei and the 
deposition of cellulose, a feature met with in the other species of Pedicidaris 
(Schmid, 1906). 

The ohalazal haustorium is a binucleate body forming a short aggressive 
tube growing into the tissue of ohalaza and the vascular bundle of the hilum. 
It has rich protoplasmic contents and its amoeboid nuclei are larger than those 
of the micropylar haustorium (B’ig. 63a and 6). Degeneration of the oUalazal 
haustorium takes place earlier. 


Disoussion. 

The affinities of Bhamphicarpa, Gentrawthera and Pedicidafia to the other 
parasitic members of Scrophulariaoeae can be summed up as follows: — 

Embryo-sac. — In several parasitic members like AlectorolophuSy Pedu 
cularis (Schmid, 1906) and others more than one arohesporial cell k often 
noticed, but the occasional oootirrence of a binuoellate ovule seems to be 
restricted only to Bhamphiearpa. The archeeporial cell directly gives rise 
to the linear tetrad of megaspores of which the innermost develops into the 
normal eight-nucleate embryo-sac. Although the synergids are generally 
small, these ore fairly large in Bhamphioarpa and Centranthera. 

Inkgumentary tape$um, — ^The tapetum plays a prominent part in the 
nourishment of the embryo-sac during pre- and post-fertilization stages; In 
almost all members it is a layer with rich protoplasmic, starchy or fatty contents. 
Altliough thk often lines the non-dilated part of the embryo-sac it is still 
oaj>able of keeping pace with the enlarging embryo -sac by its intercalary 
growth during the post-fertUkation stages. While in many parasitic members 
the development of cuticle seems to be the only change in the tapetum during 
seed formation, it is noticed that in many noii-parasitio members like 
(Krkkia^ Iyengar, 1939a), FandWlkt (Krishna Iyengar, 19^) and otbem 
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this layer appears to have the r61es of digestion, absorption, storage and pro- 
tection, <7en«ma^Aem is pniqtie among the parasites since this shows the most 
highly speoialised tapetum with not only the above mentioned functions but 
also the stimulation of the secondary haustorial formation, 

Endoaperm and endoaperm hamtoria, — Just as in the other members, 
the first division of the primary endosperm nucleus is followed by a transverse 
wall resulting in the chalazal and mioropylar chambers. The second division 
which is often restricted to the mioropylar chamber is either transverse as in 
Sopvbia (Itriehna Iyengar, 1937, 1940c) and others or longitudinal as in Mham- 
phkarpa and OeniratUhem, Subsequent divisions will result in the separation 
of a middle tier from the mioropylar, the former giving rise to the endosperm 
tissue, while the latter develops into the mioropylar haustorium. 

The ohalasRal chamber undergoes a nuclear or oeU division and gives rise 
to the ohalazai haustorium which is composed of two uninucleate cells or a 
binuoleate body. In almost all the parasites this is an aggressive body, 
although in CetUranthera this is almost non-functional. Older haustorium in 
all the parasites is binucloate. 

In almost all the parasitic members of Scrophulariaoeoe the mioropylar 
haustorium is a totra-nuoleate body either from the commencement or when 
fully formed. This may start as four uninucleate cells as in SopuMa del- 
phinifolia (Krishna Iyengar, 1937) or as two binuoleate cells as in Sopubia 
trifida, (Krishna Iyengar, 1940c), Bhmiphicarpa, CerUranthera and others. 
Except in Oentranthera and Striga (Michell, 1915) in all other members the 
mioropylar haustorium is an aggressive body. 

The occurrence of secondary endosperm haustoria seems to bo an excep- 
tional feature of OrntrarUhera. 


StJMMABY. 

The development of the ovule, embryo-sac, endosperm and seed of throe 
species, Rhamphicarpa longifiora, Centranthera hiapida and Pedicularis zeylanicu, 
is described in this paper. 

The presence of more than one archesporial cell is occasionally noticed. 
One instance of a binncollate ovule has been noticed in Ehamphicarpa. 

Ohromosome counts have been made in Rkamphicarpa longiflora and 
Ceniranih^ra hiapida, the haploid numbers being 9 and 16 respectively. 

The hypodermal archesporial cell directly forms the megaspore mother 
cell and gives rise to a linear tetrad of megaspores in all the mem l)erH. A normal 
eight-nudeate embryo-sac develops from the ohalazal inegaspore. The 
synergids are significantly large in Rhcmphicarpa and Cen^anihera. The two 
polar nuclei fuse just before fertilisation and the three small antipodal cells 
begijiii to degenerate soon after fertilkation. 

The first division of the primary endosperm nuclei is transverse in all 
th^ members, separating a chalazal chamber from the txdmypyhx one. 
The second division in Rkamphicarpa aioii Centranthera is longitudinal and the 
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third transveree and these divisions are confined to the micropylar chamber , 
In Pedictdaris the second division is transverse and the third longitudinal, 
and both take place in the chalaaal chamber* The three divisions, however, 
result in every case in the separation of a middle tier of two ceils which gives 
rise to the endosperm tissue. 

The ohalazal haustorium is a binucloate tubular body which is aggressive 
in Pedicuhris and Bhamphicarpa, but almost non-functional in OerUranthera. 

The micropylar haustorium is composed of two binucleate haustorial cells 
in Mhamphicarpa and Centranthera, these fusing very early to form a tetra- 
nucleate body. In Pedicularis this haustorium is tetra-nucleate from the very 
beginning , 

In Ehamphicarpa and Pedictdaris the micropylar haustorium is an aggres- 
sive body and shows lateral outgrowth developing into the integument and 
growing towards the ohalaza, while in CentrarUhera even this seems to be almost 
non-functional. 

In CerUranthera aggressive secondary haustorial filaments develop from 
the primarily endosperm cells towards the micropylar end. 

The tapetum in Centranthera shows enlarged and presumably haustorial 
cells towards the chalaza, protective cells towards the middle and cells probably 
with capacity to stimulate secondary haustorial formation towards the poiicro- 
pyle. 

The epidermis of testa becomes lignified and functions as a protective 
layer in all the members. 

I have very great pleasure in thanking Dr. M. A. Sampathkumaran, M.A., 
Pb.D., S.M. (Chicago), Professor of Botany, Central College, Bangalore, for 
giving the necessary facilities for this investigation and Dr. P. Maheshwori, 
D.So., F.A.So., F.N,A.So., F.N.I., of Dacca University for his kind perusal of 
the manuscript and hc^lpful suggestions. My sincere thanks are due to Dr* L. 
Gli§i6 of Belgrade for the literature he was kind enough to spare. 
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EAST.WEST ASYMMETRY OF COSMIC RAYS AT CALCUTTA AND 

DARJEELING, 

By P. C. Bhattaoharya» Palit Laboratory of Physics, University of Calcniia. 

(Comnmmcated by Prof. M. N. Saha, F.R.B.) 

(Received April 2, J942.) 

Since 1903 Cad Stdrmor has been trying to solve the matheinatical 
problem of determining the orbits of the electrons iij the magnetic field of the 
earth. He was led to this line from his interest in the problem of Aurora, 
which, according to the fundamental researches of Birkeland, were produced 
by the injection of streams of electrons into the earth’s atmosphere. 

Rossi (1930) first pointed out that if the primary cosmic rays were really 
electrons having an isotropic and homogeneous distribution in space far away 
from the earth*s field aiid that if Stdrmer’s theory were applicable to them 
then there should be greater intensity from the western sky if the particles 
were positively charged, and greater intensity from the eastern sky if they 
had a negative charge. If the energy distribution of the particles be the same 
and if they are equal in number then there should be no asyimnetry. 

The first experimental evidence of the existence of an asymmetry was 
produced in 1933 when Johnson and Street (1933) found that the western 
intensity at Mt. Washington (A*® 5U N., h =» 6,288 ft.) was greater than the 
©astern at 30® to 40® zenith angles. This experiment aroused a great deal 
of interest and various workers confirmed the result at various latitudes and 
at different altitudes. Mention may be mode of the following ; — 

Alvarez and Compton ( 1933). 

Auger, Leprinoe-Ringuet (1934). 

Ehmert (1934). 

Ghosh (1036). 

GUI (1940). 

Korff (1934). 

Messa»ohinidt (1934). 

Bo88i(I934). 

Seidl (1941). 

Stevenson (1933). 

The most extenmve survey has l>een undertaken by Johnson {1935a) 
at various stations in Peru, Colorado, Panama and Mexico. 

It is found that the asymmela^ is maximum near the geomagnetic equator 
and amounts to -^16% and then it decreases towards the higlier latitudes, 
2-3% at A » 50 at sea-level. 


[Published August Uth, 1942. 
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These experiments appear to indicate a preponderance of positive electrons 
in the primary cosmic rays to the extent of 16% (the maximum value) at 
the geomagnetic equator, falling to 2-3% at the geomagnetic latitude of 5V 
N. It may be added that the particles need not nooessarily be positive 
electrons but may as well be heavier particles such as protons or a*particl©s, 
providiHi their energies lie in the field sensitive region, i.e. in the cose of 
protons up to about 59 B.e.v. 

But subsequent experiments by Johnson (1935) showed that the electrons 
themselves, which constitute the main soft component, seem to have a non- 
asymmetrio distribution. This was shown by studying the asymmetry of 
shower-producing pai*ticles. Ho placed three couriters horizontally at the 
corners of an isosceles triangle 23 cm. in altitude and 9 cm, base with a 1*2 cm. 
thick h^ad cover over the upper counter. The load plate was slightly larger than 
tlie cross-sectional area of a single counter. With this arrangement he could 
not detect any asymmetry at zenith angles of 35"* and 49° at Nevado do Toluca 
in Mexico (A «= 29°, h = 4*3 Km.). It is clear from this experiment that the 
shower- producing component (i.e. the soft component) is not asymmetric. 

This experiment ought to bo repeated at other latitudes and if the asym- 
metry is not fouiul to exist, we can be sure of the conclusion that electrons 
do not show asymmetry. This experiment requires some time to perform 
but we can procure additional evidence by performing experiments in which 
soft rays are cut off by the use of thick absorbers. 

At sea- level the soft component (electrons) forms about 25-30% of the 
total cosmic rays, so if we out oflf the soft one with some absorber then the 
asymmetry should increase. Such experiments have been done, but the 
njsults are not conclusive and are rather contradictory. 

Rossi (1934) finds at Asmara (A » 11°, h ^2 Km.) that the E.-W. asym- 
metry increases with 4 or 8 cm. lead between the counters at a zenith angle 
of 45°. But Korff (1934) finds at Mexico (A = 29° N*, h « 7,250 ft.) and also 
at two stations in Peru that the E.-W. asymmetry is reduced by lead absorbers 
up to 30 cm. placed above the counter train. Johnson (1935a) finds at Cerro 
de Pesco ((Peru) A « 0, A » 4*3 Km.) an increase of asymmetry while at 
El Pico Nevado de Toluca (A « 29°, h as 4*3 Km.) a decrease of asymmetry 
with lead absorber. 

Eor tropical latitudes, very little work on E.-W» aS 3 mimetry has been 
reported so far. The following experiments on east-west asymmetry were 
undertaken at Calcutta (A « 12° N., ^ » 80 ft. above sea-level) and Darjeeliftg 
(A 16°*5 N., h « 7,200 ft. above sea-level) and the effects of lead absorbers 
on asymmetry have been studied at both the stations at different zenith angles. 

ExperimtmM arra7t>gm^rU, eki.: — 

The amplifying circuit is of the Barasoh (1936) type and is shown in 
fig. 1, The counters were used in Bossi parallel oonneotion. The counters 
were filled with a mixture of commercially pure argon gas and petroleum 
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ether vapour to a total pressure of 6 cm. of Hg. The starting potential of 
each of these counters was about 1,200 volts with a plateau of about 360 volts. 



C7i»60 
Ca« 002ftJP'. 
C?8«=-001/!iF. 
C74SWOI 


Fig. 1. 

n^^R^^niQ, i\^Q,Tx 

J?4 =« '^MQ, F — Filament. 

JJfi K«s Recorder and Contact Breaker. 

30,0001?. Z ^ OM. Counter. 

Tip iTj, Tg are in parallel (Roasi). 


The high tension for the counters was supplied from a H.T. stabilizer 
of the Street- Johnson type with Evan’s modification of tiie screen grid battery. 

Tho counter telescope (fig. 2) used in the E.-W. experiments consists of 
a light wooden frame supporting throe pairs of counters, the distance between 
each pair being 60 cm. The counters in each pair are joined in parallel so 
that they act as a single counter. The wooden frame liolding the counters 
is capable of rotation in the vertical plane, and the inclination of its axis (i.e. 
the axis of the counter telescope) to the vertical can at once be read with the 
help of a pointer moving over a protractor graduated in degrees. Each counter 
is 3*6 cm. in diameter and 16 cm. in length so that the counter telescope subtends 
an angle of 8® in the plane in which the system con rotate and an angle of 17® 
along the length of the central wire of the counters. Though tho angular 
aperture along the diameter of tlio counters is 8®, it can be »mti that more than 
50% of the rays come through half the actual aperture. The instrument is 
placed in such a position that the axle of the framework is pointing north 
and south so that the telescope can rotate in the local magnetic east- west 
plane. Just above the lowermost counter there is a platform on which re- 
qidsite thicknesses (10 cm. in our case) of lead can be put to cut off the soft 
component. 

^ ■ 
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The exploration of the E.-W, plane is earned out by what is called the 
^method of cycles \ according to which each zenith angle is exposed to cosmic 



Counter Teleacope. 


rays for a short interval of time and the corresponding number of counts 
recorded and then the instrument is rotated to the next zenith angle and so 
on. This method has several advantages, for it avoids — 

(a) any instrumental selectivity, 

(ft) any short period change of cosmic ray intensity, 

(c) any change of cosmic ray intensity due to Budden barometric change, 
magnetic disturbance or any such other cause. 

In the experiment at both the stations at Darjeeling and Calcutta the 
time of ‘exposure* at a zenith angle at a time was 20 mimites only. 

The effect of showers was determined by displacing the central counter 
just outside the geometrical beam defined by the two outer ones (fig^ 2, dotted 

9B 
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pair). It is found that the effect of showers is practically constant at all 
zenith angles and at both the azimuths. 

At Darjeeling the experiment was performed in the Emerald Bank in 
Jalapahar (altitude 7,200 ft. above sea- level). The apparatus was placed 
in the drawing room having a roof of wood and corrugated tin sheet and the 
walls were of wood and window glass. In the eastern side of the house there 
is a hill which obscured the telescope if’ the zenith angle in that side exceeded 
about 70**. 

In Calcutta (A = 12® N., /i. «= 80 ft. above sea-level) the apparatus was 
placed in the topmost room of the main building of the University College 
of Science. This room has brick walls and ordinary tiled roof. All sides of 
this room are open. 

Formerly, the E.-W, asymmetry was computed in terms of the 

ratio of the west intensity (J„,) to the east intensity {*/,), i.e. a = ^ . 

But it will be seen that the statistical fluctuations of this quantity are not 
symmetric with respect to the value unity when J„, =s , and in the case 
of low counting rates and short time intervals Johnson {1935a) finds that 
there can be introduced in the calculation an appreciable false asymmetry 
favouring the west. For this reason it has become customary to define 
asymmetry as 

a S5S ^ ^ * 

J w g 

2 


when it will be seen that the fluctuations are symmetric with respect to the 
value zero when = 7, . In this paper we have followed the latter defini- 
tion of a . 

The probable errors in this paper were calculated from the total number 


of counts, viz. R 



where N is the total number of counts in 


time T. 
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BasuiiTs. 

Tablh I. 


E.-W. asymmetry of the umbsorbed radiation at Darjeeling (A sb I6°‘5 N., 

h = 7,200ft.). 


Zenith angl(3. 

Azimuth. 

No. of counts/min, 
(corrected for ahowers). 

Asymmetry 
a [Jw—Je) 

Jw“\rJe 


WeBt 

*5693±ail8 


15*^ 

East 

>6093±011H 

•1112± 0302 


West 

'4343 ±0107 



, East 

•3610± 0098 

•1844± 0364 


West 

•3161 ± 0093 


45" 

East 

•2660± 0090 

•1692±-0445 


West 

•103r)±0070 


60“ 

East 

•0927 ± 0068 

•1104±‘a988 


Tablb II. 


E.- W. asymmetry of the penstrating eomponsnt (Meaone) at Darjeeling, 


Zenitli augie. 

Aziumtl). 

No* of counts/min. 
(corrected for showers). 

Asymmetry 

15^ 

West 

East 

•3766±-00Hf> 

•3316± 0080 

'1271 ±'0329 

30“ 

West 

East 

•3031 ±-0078 

•2481 ±0073 

•1996±0386 

46“ 

West 

East 

•2406± 0067 

•1981±0066 

•1933±0430 

60“ 

-A- 

West 

East 

•0966±-0066 

•0815± 0051 

'1661±Q843 
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Table III. 


E.-W. ctsymmetry of the umbaorbed radiation at Calcutta (A = 12" N., 

h « 80 ft.). 


1 

Zonitii angle. 

Azimiitii. 

No. of counts/m in, 
(corrected for showers). 

Asymmetry 
^ Jw~^Je 


West ; 

*3063 ±*0066 


15° 

East 

•2808± 0063 

•0869±0311 


West 

•2246±(K)r)8 


30^ 

East 

*1958 ±0055 

•1371± 0381 


West 

•1820±1M>5:{ 


45° 

East 

•1626± 0050 

■1132± 0422 


West 

•0930± 0040 


60" 

East 

•0825±-0038 

•1190±O«28 


Table IV. 

E.- W. asymmetry of the penetrating component (Mesons) at Calcutta. 


Zenith angle. 

Azimuth. 

No. of counts/min. 
(corrected for showers). 

Asymmetry 

Jw — Je 

Jf 141 ±a/ e 


Wc^t 

*2458±*0066 


16° 

East 

•2200± 0066 

•1109±-0336 


West 

•1860±-OO6O 


30° 

East 

•1691±-0(>46 

•1690± 0392 


West 

•1628± 0046 


46°. 

' East 

•1360i:-0043 

•1239i:0432 


West 

•0816±-0086 


eo° 

East 

•0742±-0031 

•0962±0698 
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Discussion. 

Tables I-IV give the experimental results on the east-west asymmetry 
at Darjeeling (A ^ 16^*5 N., h « 7,200 ft.) and at Calcutta (A «= 12^ N., 
as 80 ft.). It can be seen that at both the stations the asymmetry increases 
with the increase of zenith angle up to about 45° and then again decreases in 
conformity with the results obtained by Johnson (1935a) and other workers 
at various other stations. 

With 10 cm. lead between the counters (lead being placed just above 
the lowermost counter) the asymmetry increases at both the stations showing 
that the electrons (3ontribute very little to the asjnnmetry. Our results 
agree with those of Rossi and Gill as well as those of Johnson (1935a) (one 
station only). At Calcutta, with zenith angle 60° there is a decrease of as 3 nn- 
metry with lead absorber. 

The probable errors in the present experiment are rather large. This is 
because the angular aperture of the extreme counters is only 8° in the vertical 
plane, so the number of counts per unit time is rather small. In the experiments 
of the previous workers the angular aperture of the counter train was not so 
well defined. In the experiments of Rossi and Johnson the angular aperture 
was about 23°. In order to minimise the statistical fluctuations, readings 
were taken for 40 to 50 hours at each ztmith angle (by the method of cycles) 
at Darjeeling, while at Calcutta about 60 hours at each zenith angle. 

Johnson (1935a) has observed that asymmetry increases with altitude. 
It can be seen here that the asymmetry at Darjeeling at all the zenith angles 
is greater than that at Calcutta at the corresponding zenith angles. This 
increase is evidently due to the increase in the number of mesons between 
these two stations. 

The conclusions from the experiments at Darjeeling and Calcutta, taken 
along with those of earlier workers are as follows : 

(1) That the electrons of either sign, which are identical with shower- 

producing particles, contribute very little to theE.-W. asymmetry. 

(2) That mesons which are produced in our atmosphere by the primary 

cofiwnic rays show a maximum asymmetry of ^ 20% at DorjeeUng 
(A 16° 30' N., A as 7,200 ft.) for positive rays and about 16% 
at Calcutta (A as 12° N., 80 ft.). The maximum is reach^ 
between Z 30° to 45° and falls on either side. 

Recent experiments of Schein, Jessey and WoUan (1941) at Missouri 
(A as 61°) seem to indicate that electrons of energy between 10® e.v. and 10** e.v, 
are absent in the upper atmosphere. The large number of electrons of wiergy 
below 10* e.v. that are found in the stratosphere are of secondary origin, for 
the minimum energy required by a primary electron to penetrate the earth’s 
magnetic field at A as 61° N, is about 3x10® e.v. These secondary electrons 
are suj^posed to be due to decay of mesons, knock-on shower and cascade 
shaver. 
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As regards the primary particles Johnson (1938), Swann (1940), 
Carlson and Schein (1941) are of opinion that they are protons. There is 
no satisfactory theory of the production of mesons by protons. According 
to Swann (1940) the primary protons, by an unkmwn meclianism^ give rise 
to a number of mesons in the first one or half metre of water-equivalent 
depth of the atmosphere. The number of mesons that can be produced in 
a single ‘explosion^ can be as large as 8--10. These mesons are practically 
at rest so that their mean free path is ^ 300 metres and the disintegration 
electrons from them come out in all directions. But the mesons which are 
produced by the protons in a greater depth of the atmosphere, having 
sufficient energy to maintain the original direction of the protons, give rise 
to all the geomagnetic effects such as E.-W. asymmetry, latitude effect, etc. 

In conclusion, the author wishes to record his sincere thanks to Prof. 
M. N, Saha, D.Sc., F.R.S., for his kind interest and helpful discussions and 
criticisms throughout the progress of the work. His thanks are also due to 
Drs. S. C. Sirkar, N. N. Dasgupta, O. P. Dube and K. M. Basu for helpful 
discussions. 

SUMMABY. 

The oast-west asymmetry of cosmic radiation at Darjeeling (A « 30' N., 

h 3« 7,200 ft.) and Calcutta (A «= 12® N., A == 80 ft.) at zenith angles of 16®, 
30®, 45® and 60® has been measured with a triple coincidence counter telescope. 
The results agree with those of the previous workers at other stations. The 
asymmetry increases slightly with 10 cm. load between the counters at both 
the places. 

Hefmrbwoks. 

Alvai'ess and Compton. 1933. A positively charged component of cosmic rays. Phys. 
jRev.* 43, 836. 

Auger, P. and Leprince-Hinguet. 1934. Variation du Rayonnement cosmique suivant. 
la latitude. NcUure, 133, 138. 

Barasoh, H. P. 1936. Improved counting circuit. JProo. tVor., 47 , 824. 

Carlson and Schein. 1941. On the production of Mesotron. Phys. 69, 840. 
Khmert. 1934. Der Oat-West Kffokt der XJltrastrahlung auf der Zugspitze. Pkyjt. 
ZeiUi», 35, 20. 

Ghosh, R- 1936-37. On the angular distribution of cosmic rays, Trans, Bose InsLy 
11,150. 

Gill, P. S. 1940. Kagt-west asymmetry of cosmic rays at 40® N. latitude. Phys. Bev.y 
57, 68. 

Johnson, T. H. 1934. Coincidence counter studios of the corpuscular component of the 
cosmic radiation. Phys. Best., 45, 669. 

Johnson, T. H. 1936. Coincidence counter studies of the corpuscular oomponent of the 
cosmic radiation. Rec., 45 , 669. 

Johnson, T. H. 1935a. Progress of the directioual survey of oosmio ray intensities and 
its application to the analysis of the primary cosmic radiation. Phys. Rev., 
48, 287. 

Johnson, T. H. 1988. A note on the nature of the primary cosmic radiation. Phys. 
Bev., 54, 886, 



272 P. 0, BHATTAOHABYA : EAST-WEST ASYMMETKY OF OOSMtO BATS. 

Johnson and Street. 1938. The variation of oosmio ray intenaities with aaknuth on Ht. 
Washington. Phys, 43, 381. 

Korft, S. A. 1934. Penetratixig power of asymmetrio component of oosmio radiation. 
Phy9, jBeo., 46, 74. 

Messersohmldt. 1934. 0ber Sohwankungameasxmgen der 01tra8trahlung. Fart III. 
ZtUn, f, Physik, 87, 800. 

Eosai, B. 1930. On the magnetic deflection of cosmic raya. Phya, Bee., 36, 608. 
Eossi^ B. 1934, Directional measurements on the cosmic rays near the geomagnetic 
equator. Phya. Bew, 45, 212, 

Soheiu, Jessoy and Wollan, 1941. The nature of the primary cosmic radiation and the 
origin of the mesotron, Phya, Bcv., 59, 615. 

Seidl, F. G. P. 1941, The E.-W. asymmetry of cosmic radiation at high latitudes. 
Ph/ya, Bev., 59, 7. 

Stevenson, E, 0. 1983, Azimuthal asymmetry of the cosmic radiation in Colorado. 

Phya. Be«., 44, 856. 

Swann, W, F. G. 1941. A Htrigle component for the primary oosmio mdiation. PJvya^ 
Bet?., 59, 770. 



FINE STRUCTURE IN THE DIRECTIONAL INTENSITY OF COSMIC 
RAYS AT CALCUTTA (A « 12^ N., ft.). 

By P. C. BHATTAOH:A.EyA, Palit Ijahoratory of Physics, Calcutta University. 

(Commumoated by Prof. M. N. Saha, P.R.S.) 

(Received April 2, 1942.) 

The theory of the motion of a charged particle m the earth's magnetic 
field has been developed by Stomier, I^eniaitre, Vallarta and their associates. 
According to this theory, particles whose energy is greater than a cwfcain 
minimum, corresponding to the particular geomagnetic latitude, may reach 
a place of observation on the earth, forming viwious typos of cones of a com- 
plicated nature. 

Those trajectories which come directly from infinity to the point of observa- 
tion form the boundary of a cone called the * niain cone ' or cone of full light 
(Lemaitro- Vallarta, 1936). 

There are some trajectories which come from infinity but arrive at the 
point of observation only after having been tangential to the surface of the 
earth. There may be a number of loops in them. The simplest of tiiese 
does not have any loop but is tangential to the earth only once before arriving 
at the place of observation. They give rise to what is called a ‘ shadow cone', 
outside of which all regions are forbidden. It may be point^ed out that the 
shadow cone is due to the presence of the earth which is impenetrable to cosmic 
particles. ^ the trajectories which have a number of loops lie in the region 
between the main cone and the shadow cone. They give rise to what is called 
'penumbra' which consists of alternate allowed and forbidden regions. 

From a theoretical analysis of the banded structure of the penumbra 
Schremp (1938) pn^dicted that there should be some anomaly in the directional 
intensity pattern of cosmic rays due to the presence of penumbra. Th«5 
first experimental evidence of the existence of the penumbra was reported 
slinultaneously by Cooper and Ribner in 1939. Cooper (1939) found three 
humps (i.e. sudden increase of intensity of oo8tni(5 rays) at zenith angles 
of 7®, 20® and 85® in the eastern azimuth at Missouri wliile Ribner (1939) 
reported one pair of symmetrical promineni^es at zenith angle of 20® in both the 
eastern and western azimuriis, and also some indication of peaks in the neigh- 
bourhood of Z m 10® and 40®. 

Sohremp and Banos (1940) have also found such struoturo in the four 
luinoipal azimuths, viz. N., S., B., and W. in Mexico eity (A = 29®, h =« 2*24 Km.). 
Recently {1941) studied four additional azimuths, viz. N.E., S.E., S.W., 
The results show beyond doubt the existence of some irregularities in 
the zeidth angle distribution of intensity of cosmic rays. 

VOIf, Vlpt— No, 2. jFublil^od August I2th, 1942. 
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Vallarta (1939) has emphasised the importance of this kind of work as 
it provides a good method of analysis of the primary rays and their spectra. 
Hutner (1939) has given a detailed calculation of the structure of the penumbra 
for Z ss 60"^ and A = 20^^ and has shown that the position and magnitude 
of the prominences may supply sufficient data for the analysis of the energy 
spectrum of the primary particles, because the energy spectrum is very sensitive 
to the type of distril)ution function of the primary rays.* 

Schremp (1938flt) has shown that the penumbra is absent at the equator 
but its effect begins to be felt in the neighbourhood of A = 10°. The geo- 
magnetic latitude of Calcutta is 12° N. So it was thought worth while to find 
experimentally how far their predictions regarding penumbra are correct 
and what are the nature and position of the prominences in the directional 
intensity at this place. 

Expbkiment. 

In order to study ‘ fine structure' in the directional intensity, the angular 
aperture of the counter telescope should be very small. The counters used were 
each 60 cm. long and 3-9 cm. in diameter. A triple coincidence circmt was used 
and the counters were placed 50 cm. one above the other, so that the angular 
aperture in the vortical plane was 4*5^ while that in the lateral plane was 62®, so 


that the solid 


angle was rsi 


1 

10 * 


Only the western azimuth was explored from 


the vertical up to 45°, in steps of 5°. Readings were taken by the ‘ method of 
cycles' and the apparatus was allowed to remain 15 minutes at a zenith angle 
at a time. 

In order to avoid ‘pick up' the first valve was placed very close to the 
corresponding counter in the same horizontal plane, and the counter together 
with the first valve was properly shielded. 

The following table gives the result. 


Table I. 

InJtensity of the unabaorbed radieUion ai differerd zenith angha in the 

azimvih at Calcutta. 


Zenith angle. 

Total No, of counts. 

Counts per min. 

0" 

2943 

2-84±036 

6" 

2746 

2-66±034 

10° 

2708 

2-61 ±034 

16° 

2610 

2-43±-033 

20“ 

2323 

2-24±03l 

25" 

2204 

213±031 

30° 

1836 

l-77±028 

36° 

1866 

l-79±028 

40" 

1783 

l-72±028 

46" 

1643 

1<40±026 


♦ Dr. ^ Gill is trying to verify eiperiinentally at Lahore ^ 22* K.) HwfcnerV 
predicviona for A 20* (vide Phya, Bev., 60, 153). 
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In fig. 1 the number of counts per minute is plotted against the zenith 
angles in the western azimuth. The vertical lines indicate the probable errors. 



Fio. 1. 

Intensity of oosmio mys at different zenith angles in the western 
azimuth at Calcutta (A =» 12^ N., A « 80 ft.). 

Fig. 1 shows two prominences, one at zenith angle 10"' and the other at 
Z «c 36®. These peaks are jufilt above the probable errors. There is, how- 
ever, an indication of a peak at Z =« 25® which is within the statistical errors. 
The experiment thus shows for the first time the existence of |>onumbra even 
at the geomagnetic latitude of 12® N. It remains to be seen whether these 
peaks are actually in the energy 8|>ectnim of the particles before their entrance 
into the atmosphere or whetW they are produced in the atmosphere during 
the production of mesons or during their passage through the atmosphere. 
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The author is indebted to Prof. M. N. Saha/ for his kind interest 

and helpful disougsions throughout the progress of the work. 

SUMMABY. 

The intensity of cosmic radiation in the western azimuth at Calcutta 
(A *= 12® N., =a5 80 ft,) has been measured with a triple coincidence counter 

telescope of small aperture at various zenith angles from the vertical up to 46° 
at the intervals of 6®. The results show two prominences at Z *= 10® and 
35® in the zenith angle distribution curve. There is a slight indication of 
a peak at ^ = 26®. 
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STUDIES ON HELIUM-FILLED GEIGER-MOLLER COUNTERS. 


By H. R. Saena, P. L. Kapur, and Charanjit, Physics Laboratory, 
Government College^ Lahore. 

(Communioated by Prof. M. N. Saha, F.R.S., F.N.I.) 

{Bead January 1, 1942.) 

I. Inteoduotion. 

Goiger-MOller (G.M.) CouiiterH are of two types: (a) those in wliieh the 
disoharge is extinguished by means of an external resistance put in series with 
the G.M. counter or by some other external device such as the Neher41ai*per 
circuit, and (6) those in which the extinction is brought about by an internal 
mechanism. For an efficient use of counters of the first type the series resistance 
ha« to be quite large (^10® ohms) in order to keep the current during the 
disoharge below a certain minimum value. It is only for very small vahuiis of 
the current that the disoharge is unstable and is quickly stopped after its 
initiation, whereas if the current bo higher than the minimum, the disoharge 
is self-maintained and stable. 

Apart from the difficulty of producing such a high resistance, its use in 
series with the counter puts a limitation on the maximum rate of recording 
as the recovery time of the oounter-oirouit after the discharge is directly 
proportional to the series resistance. In fact if ty denotes the time for which 
the discharge lasts, the counter will not be ready for response to atiother in- 
ooming particle for an interval tg^trc after the initiation of the disoharge, 
where in- is the recovery time depending directly on both the series resistance 
r and the capacity c (made up of the capacity of the counter and other stray 
capacities) of the counter-circuit. In other words if two particles enter the 
counter at an interval less than iy+trc will not be appreciated as two 
distinct particles but only as one. 

The second type (internally-quenched) of G.M. counters were first of all 
introduced by Trost (1937). Instead of filling the counter with some dry gas 
as nitrogen or hydrogen he used argon to which was added a certain percentage 
of alcohol vapour. The extinction of the discharge in such counters is brought 
about primarily by the mantle of the positive space charge produced around 
the wire by the ionisation of the organic vapour molecules. Since here the 
extinction is esaentially due to an intetrnal mechanism, the series resistance 
need not be large and can be just of the order of a megohm. Thus trc is con- 
siderably reduced and the counter becomes a faster one. 

Trost investigated the behaviour of ootmters filled with argon and some 
organic vapour. In certain types of work, however, it may not be desirable 
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to use argon-filled counters, as argon becomes radioactive under neutron 
bombardment. So that if in any exjjeriment involving neutrons an argon- 
filled G.M. tube is used, the number of counts recorded will be quite misleading. 
One is thus led to investigate the behaviour of counters in which gases other 
than argon are used. Curran and Petrzilka (19B9) have investigated counters 
filled with Ho, Ne, H 2 , Og and Ng using in all cases an admixture of 1 cm. 
ethyl alcohol in a total pressure of 10 cm. They find that helium and neon 
are as good as argon except that with helium a slightly ascending plateau 
is obtained. In certain cases the use of neon is open to the same type of 
objection as the use of argon; helium on the other hand is very stable against 
radioactive changes and should be very suitable (from the above point of view) 
for counter fillings. Moreover, helium is more easily available than other 
inert gases and so an investigation of the behaviour of helium-filled counters 
with admixtures of various organic compounds was taken in hand. 

To make the study of helium-filled counters more detailed it was decided 
to investigate the effect of different types of organic compounds in a serial 
manner. In the present paper we report the behaviour of the counter when 
different percentages of the common aliphatic alcohols and ethyl ether are 
introduced in the G.M. counter atmosphere. In addition to studying the 
effect of different types of cylindrical surfaces it is also proposed to study 
the influence of the geometry of the counter on its behaviour and also to study 
the effect of time on a counter filled suitably. When the entire series have 
been finished we hope to throw some light on the mechanism of self-extinguish- 
ing counters. 


II. Apparatus. 

The counter . — ^The tube counter is made from pyrex glass and has tungsten 
electrodes. The central wire is of nickel, 0*1 mm. diameter, and is held along 
the axis of the tube by means of tungsten electrodes. The cylinder is of thin 
copper and is 2*3 cm. in diameter and 12*6 cm. in length. After the assem- 
blage the copper surface of the cylinder was prepared according to the following 
treatment : — 

The counter was first cleansed successively with six normal and 0*1 
normal nitric acid, then washed with distilled water about ten times and dried. 
With dry air inside, the counter was next heated in a flame till the copper 
oxide turned brownish black in colour. It was then filled with dry nitric oxide 
gas and heated till the cylinder surface turned a dark volvetty colour. The 
counter is then ready to be filled with the desired mixture. 

Filling of the courUer . — The apparatus used for this purpose is shown 
in fig. 1. By operating the stopcocks Si and 8^^ organic vapour from the 
container B (which was surrounded by ice or some freezing mixture) was 
first introduced into the counter C and then evacuated^ the process being 
repeated a number of times before finaiiy filling the counter with the requisite 
pressure of the organic vapour. Then helium from A was introduced to 
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make a total pressure of 10 om, in the counter os indicated by the mercury 
manometer. The heliiim used had been previously purified by oonneotuig 


Q.M. CtmnHf 



the flask A to the activated charcoal trap Z), which was kept surrounded by 
liquid air for several hours. 

Voltage avpply and recording . — The stabilised high voltage for the counter 
wire was obtained from a circuit duo to Evans (1934) and later modified 
by Gingrich (1936). It consists of a neon-sign transformer, an R.C.A. 866 
rectifier, a suitable choke, condensers and a stabilising pentode (F.C.A. 47) 
tube. It is entirely mains operated and yields potentials up to 2,200 volts. 

The electrical pulses from the counter were amplified by a circuit due to 
Gingrich (1936). It comprises an (R.C.A. 57) pentode tube as first stage 
amplifier, the plate-voltage changes of which flash a neon bulb and alter 
the voltage on the control grid of the output tube. It was noticed that with 
many of the common types of neon bulbs more counts were obtained in light 
than in darkness but with the Mazda neon-lamp, which was used ultimately 
in the apparatus, no such difierence was observed. 

For registering the amplified pulses we employed a clock recorder. An 
electro-magnet with a mumetal core was fitted on to a timepiece clock from 
which the hair-spring had been removed. To one end of the ratchet a small 
piece of the mumetal was attached, a spring of adjustable tension being fixed 
to the other end. 

The arrival of a pulse in the output circuit energises the electro-magnet 
which attracts the mumetal piece attached to the ratchet, thus disengaging 
the toothed wheel which turns through one tooth. As the pulse dies out the 
ratchet moves back due to the action of the spring attached to its other end 
liiereby again moving the toothed wheel through one tooth. Thus every 
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incoming puke makes two clicks or in other words moves the seconds hand 
through one second. The sensitiveness of the arrangement depends upon 
the tension in the spring, the strength of the electro-magnet per unit current 
and upon the movement of the clock. In our case it was found that a current 
of only ten xnilliamperos in the output circuit was sufficient to actuate the 
clock recorder. 


III. Rbsults. 

In the graplis of figures 2 to 6 are represented the number of counts per 
minute {N) against the potential (F) applied on the wire of the G.M. ooimter 
for diflhrent atmospheres in the counter. For each of the various organic 
vapours studied graplis have been drawn for increasing proportions of the 
vapour starting with a partial pressure of 0*5 cm. in a total of 10 cm. and 
going in steps of half-a-centimotro to 3*5 cm. or to a vapour pressure attain- 
able at the room temperature. In all oases the container {B, fig. 1) with the 
liquid alcohol was surrounded with ice or some freezing mixture. If at this 
temperature the vapour pressure was not enough the container was kept at 
the lowest temperature consistent with the required pressure. This pre- 
caution was taken to keep the vapour pressure of wat-er in the counter as small 
as possible, in any case negligible as compared to the vapour pressure of 
alcohol. 

For comparative purposes graphs (fig. 6) are also drawn for mixtures 
of helium with methyl, ethyl, isopropyl alcohols and ethyl ether respectively at 
the same partial pressure of 3 cm. in a total pressure of 10 cm. The graphs 
show that helium-methyl alcohol mixture (7 cm. + 3 cm.) is best suited for 
G.M. counter fillings. Helium-ethyl alcohol mixture also gives an equally 
good plateau, though the threshold potential is higher. 

It is a common feature of all the atmospheres studied that the quality 
and size of the plateau improves as the partial pressure of the organic vapour 
is increased up to a certain value usually 2*5 cm. to 3 cm. beyond which it 
again deteriorates. 

A study of the time variation of the impulw? from the counter by means 
of a cathoiie vay oscillograph revealed that the resolving time of the counter 
with its circuit was geo. A detailed account of the study of the 

impulse characteristics of the counter by a cathode ray oscillograph will be 
published later on. 

Helium-eth^l alcohol , — The results are shown in fig. 2. Curran and Petrxilka 
observed tliat for He-aloohol filled counters the plateau was a slightly ascending 
one. They attributed it to the fact that the helium used by them was only 
commercially pure. We have used helium that was purified by being hsfy, 
in contact with activated charcoal at liquid air temperature but we find the 
same slightly ascending plateau for 0*5 om. and 1*0 cm. of ethyl aloohot As 
the partial pressure of alcohol is further increased the plateau, however, becomes 
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horizontal and increases in size becoming about 4(K) volts in length at a partial 
pressure of 3*0 cm. For higher concentrations of alcohol the plateau again 



Fio. 2. VoItBMJOuntB graphs for ethyl alcohol at various partial preeeures* 


becomes an ascending one. The threshold potential increases with increasing 
percentages of the alcohol vapour present in the oountcir atmosphere. 

Helium-mHhyl alcohol , — The results are shown in fig. 3. For all partial 
pressures of the vapour up to 3 cm. the plateau is horizontal. The region of 



3. Yblts-ootints grapha for methyl alcohol at various) partial pressures. 
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conutant counting inoreaseB with increasing concentrations of the alcohol 
admixture and is largest, extending over 400 volts for 3 cm. (for 2-6 cm. it 
extends over 325 volts). For concentration of and higher than 3-6 cm. the 
plateau becomes an ascending one, thus rendering such concentrationB of alcohol 
unsuitable for counter filling. 

The threshold potential increases with increasing percentages of the 
vapour in the counter atmosphere but for concentrations of the vapour greater 
than a partial pressure of 2 cm. the threshold potential values are consistently 
lower than their respective values for the case of helium ethyl-alcohol mixture. 

Helium-iaoproi^l cdcohol— The results are given in fig. 4. Here also a 
satisfactory plateau is obtained for a partial pressure of 3 cm. of the alcohol 



Fio. 4. VolU-oounts graphs for isopropyl alcohol at various partial piessurss. 


vafmur. For lowtir partial pressure, the points are scattered about, although 
for 2’5 cm. the scattering is less. As before the size of the plateau inoreaaes 
and the value of the threshold potential rises with increasing proportionB of 
the vapour. 

Bditm-N -biUyl and hdium — amyl aleohola {laboratory ). — ^With these only 
three concentrations of 0-6 cm., 10 cm. and 1-6 cm. vapour pressure wore 
tried, as at ordinary room temperatures their vapour pressure is anall. 
Of course, higher concentrations could be used by using a temperature bath 
for the Q.M. tube counter, but no useful purpose would have been served as the 
object ‘'of these investigations was to find the beet heliam*organio vapour 
io» 
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Mixture for G.M. counter fillings for Indian cHmates. The results are shown 
in fig. 6. 



Fig. 5- Volts-counia grapha at various proiwuroe for (a) iV-butyl aloohol, 

(6) Laboratory amyl alcohol, (c) Ethyl other. 

efA^r.— -With ether pressures of 2-0 cm., 2*5 cm. and 3-0 cm. 
were tried. The plateau, though flat, is not so good as for helium-methyl 
alcohol or helium-ethyl alcohol, The threshold potentials also are rather high. 
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IV, DiSOtlSSION, 

In all the cases studied it is observed that the value of the threshold 
potential goes on increasing with partial pressures of the vapour admixture in 
Ijolium. Werner (1034) and Trost (1937) have both shown that the change 
of threshold potential with pressure in the G.M. counter can he expresswl in 
tenns of certain equations. 3’rost treats the counter as a coaxial cylinder 
and writes for the field at any point distant r from the axis of the wdre, 



where V is the potential on the wire and the radii of the cylinder and the 
wire respectively. The field inside the counter is not iinifonn radially, being 
stronger near the wire. At a certain potential (threshold potential) the ions 
produced in the counter atmosphere acquire sufficient energy to ionise other 
atoms or molcules by collision and thus a discharge is started. The free path 
in which the electrons have to acquire this energy depends inversely on the 
k 

pressure, i.e. ^ suppose (as is found experimentally) that 

the minimum field Eq corresponding to a potential Fo on the wire is propor- 
tional to pressure, i.e. Eq » pco? we got 



or To ■» {pri+nk)ln - «o, 

where n is the number of collisions which the electrons make from the position 
of minimum field to the wire, and c© and k are constants. This gives a 
linear variation between Fo and p. 

Trost varied the pressures for known concentrations of the mixture and 
found that the threshold-potential increased linearly with the pressure. We, on 
the other hand, have carried out all our investigations with a total pressure of 
10 cm, in the counter, though the proportion of the organic vapour present 
was altered regularly from one set of observations to the next. Our experi- 
mental observations suggest a linear relationship between the threshold 
potential and the relative proportions of the organic vapour inside the counter, 
Trost has studied the characteristics of counters filled with argon and* ethyl 
alcohol at different pressures and for different proportions of argon and alcohol. 
In any one run of observations he varied the total pressure inside the counter 
keeping the relative proportions of argon and ethyl alcohol the some and found 
the threshold potential to increase with increase of pressure. This he repeated 
for different proportions of the mixture* If fw>m his observations we find the 
values of the threshold potential for diffeiwt proportions of t^^^ argon-ethyl 
alcohni mixture at the same total pressure, namely of iO cm., we agS'in get a 
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linear relation between the threshold potential and the peroent^e of the 
aloohol vapour inside the counter. We are of opinion that this inorease in 



in a total of lO'O con. projiaiire in the oountor. 

t^treshcdd potential i« due to the fact that gteater amountn of the orgaiuo 
vapoui* inaide the counter deoreaae the effective mean free path for the ions by 
increasing their sisse considerably, fn other words, the lincjar reiationship 
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obtained by Tro«t between preBsure and threshold potential i« dne to a super- 
position of two causes, namely (i) an increase of total pressure, and (ii) an in- 
crease in the quantity of the alcohol vapour inside. Moreover, the ioniaation 
potential of the organic vapour being lower than that of the inert gas, it is the 
organic vapour atoms or molecules which will be easily ionised by collision and 
consequently if in any counter atmosphere the amount of the organic vapour 
present is smaller tlian a certain quantity, the threshold potential should 
increase even though the total pressure be decreased. This in fact was found to 
be the case by Trost, To determine, however, the exact relationship between 
threshold f)otential on the one hand and the percentage of the alcoliol vapour 
on the other we require further study and analysis which we hope to under- 
take in the very near future. 

The relationship between the threshold potential and the ratio of the 
alcohol vapoxir for the various mixtures studied is shown in fig. 7. The argon- 
ethyl alcohol curve is taken from Trost’s observations. It is to be noticed 
that the threshold potential with helium-alcohol mixtures is consistently lower 
than that for argon-alcohol mixture and that for helium mixtures the curves 
are steeper. 

We wish to express our gratitude to Professor J. B. Seth for the facilities 
given to us, to Dr. P. K. Kiohlu and Mr. Balinokand for the supply of helium 
and to Mr. B. D. Chhabra for the ust^ of the cathode ray oscillograph. 


Sttmmary. 

The characteristics of Qeiger-MttUer Counters filled with helium in mixture 
with vapours of organic alcohols have been studied with a view to finding the 
best proportions of the mixture for counter fillings. The ootinter consisted of 
a pyrex tube containing a thin oxidised copper cylinder (2'3 cm. diameter, 
and 12»6 cm. length) with a nickel wire (0-1 mm. diameter) running alcmg its 
axis. Determinations of the threshold potentials and the nature and ake of 
the plateau have been mode. Vapours from ethyl, methyl, normal butyl, 
isopropyl and laboratory amyl alcohols have been used. The helium used 
had been previously purified by means of activated charcoal at liquid air 
temperature, and a total pressure of 10 cm. was kept in the counter. Storting 
with a 0-5 cm. admixture of alcohol vapour in a total pressure of 10 cm. it 
was found that the threshold potential increased with increasing proportions 
of the alcohol vapour, the length of the plateau also increased but as the vapour 
pressure increased beyond 3 cm. the plateau no longer remained horixontal 
but became an ascending one. As a result of our investigationB we find that 
methyl and ethyl alcohols are the most suitable and that best results are 
obtained with them at 3 to 2*5 cm. partial pressures. The values of the 
threshold potentials for increasing proportion of the vapour have been compared 
with the^formnla given by Trost and a satisfactory agreement is noticed. 
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THE ULTRA-VIOLET BAND SPECITIUM OE MERCURY IODIDE. 


By M. G. Sahtby, Research Fellow, Andhra llniverBity, Waltair. 
(Communicated by Dr, K. R. Rao, D.Sc., F.N.I.) 

(Received February 3, 1942,) 

Abstract. 

In oontinuHtion of the work on HgCl and HgBr bandit in the ultra-violet the author 
has investigated the bands of Hgl in the same region. The (^lass I system reported by 
Wieland has been photographed with a Quarts bittrow spectrograplj and moijsurefl. It 
is found to cohsist of two systems designated as and fii, having a common final state, 
probably a The interval between the up|>«r states is found a-s 71UJ cni"^. 

A now system designated as Class A is obtained in the region A2540 and is aKsigi\od 

to Hgl. It is attributed to the electronic transition ^i7 showing four component 

heads PiQiPtQt, resembling the Class IX system of HgCl. The electronic separation is 
126 cm-^. 

Vibrational formulate ami constantH for the three systems have been calculated. 


Introduction. 

Numerous investigatioiiH have been carried out on the band spectra of 
the diatomic halides (Jevons, 1932), particularly the chlorides (Asundi, 1936 ; 
Parker, 1934, 1936) of the elements of the left sub-group 11 of the Periodic 
Table and it is fairly well established that these moleouies give rise to band 
systems in the visible and in the ultra-violet region.^, involving electronic 
transitions between a higher or ^27 and a lower or *//. That the ground 
state of the molecules is a ^27 is also shown in a few cases by More & Cornell 
(1938), Morgan (1936), Jenkins and Grinfeld (1934), and Frederickson and 
Hogan (1934) by the study of the absorption spectrum and of the rotational 
structure of the bands. The spectra of the halides of the elements of the right 
sub-group II— 2n, Cd, and Hg — do not appear to have been investigated. The 
most important work on the halide spectra is that due to Wielaiid (1929). 
Later, Cornell (1938) investigated the band spectra of th<! chlorides of Zn, Cd, 
and Hg &xid Subbaraya and others (1937) studied the visible emission bands of 
Cd md Hg. The fluorides of these elements are not known to have any 
characteristic bands at all; the system attributed to CdF by Asundi and others 
(1935) has been shown to be due to CaF by Pearse and Gaydon (1938). 

Our knowledge of the spectra, both in emission and in absorption, is still 
very meagre and it is felt desirable to Investigate these further and more 
extensiyely before any definite correlation of the various systems and the 
hoterpret^tion of the ©ieotronic states of the molecule can b© discussed. In 
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two recent papers the author (1941) described the analysis of the emission 
bands of HgCI and HgBr in the ultra-violet and the present paper deals with 
the results obtained in the case of Mercury Iodide. 

MuUiken (1925) mentioned the excitation of the characteristic Wnds of 
Mercury Iodide in the nitrogen after glow but there is no published record 
of any measurements or analysis of the bands. Between A6000 and A2500 
Wieland photographed the bands in emission by sending a high frequency 
discharge through the vapour of Mercury Iodide contained in a quartz tube 
with a low dispersion instrument (a maximum of about lO-d per mm.). As 
in HgCl, HgBr, and in the halides of the other elements Zti and Cd, tlie bands 
due to Hgl fall into a number of classes thus : — 

Class III . . . , From A45CH) to A3400 diffuse 

„ IT . . . . From .‘MOO to 28(K) sharp 

,, I , . . . From 2800 to 2050 ? sharj) 

2700 ^ 2530 sharp 

The visible bands forming Class 111 were also studied by him later in 
fluorescence. Subbaraya and others measured these bands in emission in the 
first order of a 10 ft. Concave Grating and HUggested a vibrational analysis 
indicating tliat the bands are probably due to the electronic transition between 
*// and but neither of these levels is common to Wieland systems; 

Little work W(is done on the (^Jlass II and Class I systems lying in the ultra- 
violet, the latter having not ev(m been measured. The Class II system was 
ascribed by Wieland to the triatomic molecule HgIg and the Class I to the 
diatomic molecule Hgl but no analysis was reported. The present work 
considers these two ultra-violet systems and an additional system (henceforth 
styled as Class A) newly obtained by the author in the region A2640. The 
analysis of the Class I and Glass A systems will bti described hero and that of 
Class II in a succeeding eommunioation. 

Exfkkimbntal. 

The experimtmtal ari^angement and the method of excitation of the 
bands were the same as those adopted in the case of HgCl and HgBr and de- 
scribed previously. The discharge in Mercury Iodide was intense violet and 
found to run e4W!jily. After an initial gentle heating, the tube worked Yery 
smoothly. The spectra were taken with a Hilgor medium and a large Littrow 
Quartz spectrograph. The dispersion of the latter at A2600 was about BA 
per mm. The time of exposure extended from half on hour to three hours, 

Plate IV is a reproduction of the bands. Fig. (a) betw(«3n A2650 and 
A2550 shows the Class I system. There is a short region in which this system 
is foxind to overlap with Class II. Fig. (6) is the newly obtained Glass A system, 
more enlarged. 

To ascertain experimentally the probable origin of the bands, spectra of 
various Other oompemnds containing Hg and I are also taken and by compasdson 

IIB 
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it is found that all the above bands appeared only in discharges through Hgl, 
Water vapour was invariably present as an impurity and could not be elimi- 
nated by the usual simple devices of introducing an absorbing agent in a side 
tube. But it gave no difficulty as the OH bands do not overlap with the 
systems f)f Hgl considered at present. 

HBHULTB A'^T) Disoxtsstot?. 

On the analogy of the band systems of HgCl and HgBr, the Class TI and 
Class I systems of Hgl have both been ascribed by the author to the diatomic 
molecule. All these occur under identical conditions of excitation, in powerful 
electrical discharges in which bauds due to polyatomic molecules are not ex- 
pected to appear so intf^nsely. On this basis, a vibrational analysis of the 
bands has been attempted. Tables 1(a) and 1(6) give the wave-lengths, wave 
numbers, and the visual estimates of the intensities of all the measured band 
heads belonging to the two systems. The measurements are the averages 
of two different plates hut the accuracy is reduced on account of the errors of 
setting due to the diffuseiiess of the hands, altliough the dispersion of the 
instrument used is fairly large. 

Tabltc 1 : Catalogue and of th(i Imrul fiejtds af Oai CIosa J of Hgl, 


(o) 

a I flyfttom 


( 6 ) 

Pi system 
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2fi70-17 

70 - 95 

71 - 98 

72 - 40 


38896-2 

884-4 

868-9 

861*7 


262) -76 
22*03 
23-72 
24*23 
26-00 


38130-0 

127-1 

102*6 

095-1 

083-8 


068-1 

061-1 

0450 

038-0 

028-0 

016-8 

OU-l 

37994-0 

983*0 

066-4 

962-4 

962*0 

943*6 

928*6 


90-86 


496*6 


1 


iU) 


766*2 
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Tabxjbs l-^-H^ncluded. 


(o) «») 

nyBtem system 


Wave 

length 

Wave 

number 

Int. 

ClaasiOoa- 

tion 

Wave- 

length 

Wave- 

number 

Int. 

tv 

2697-S4 

38482-0 

1 

(0,6) 


37712-2 

2 

769-8 

98-60 

470-8 

1 

(17) 

61-43 

704-3 

1 

766-6 

99-81 

466-2 

1 

(2.8) 


686-4 

2 

769-8 

99-77 

453-5 

1 






2600-42 

443-8 

1 

(3.9) 

63-13 

680-2 

2 

763-6 

00-97 

436-8 

1 

(4.10) 

63-99 

667-8 

2 

768*0 

01-36 

430*1 

1 1 

(0.7) 

64-42 

661 -S 

2 

768-3 




(0,8) 

67-98 

611-3 

2 



However, the tablen give data obtained for the first time as Wieland, who 
reported these bands, could not measure them probably on account of the very 
small dispersion used by him, 

A starting point in the analysis was afforded by the detection of a common 
wave number interval of about 766 cm-i among the band heads of the 
Class I system. An examination of the plate (see Fig. (a)) indicated that what 
was reported by Wieland as the Class I system consisted of two widely separated 
systems here designated os ai and with a common level, the other levels 
having the characteristic interval mentioned above. A similar doublet charac- 
teristic is found in the bands of Cal, Sri and Bal by Mesnag© (1939) and also in 
the Class III bands of Hgl (Subbaraya and others, 1937). The vibrational 
assignment of each hood is shown in the fourth column of Table 1. The system 
origin is nearly at the centre, the sequences Av =* —2 being better deve- 

loped than the other sequences Av »+!, +2. The intensities of the band 
heads of the and jSj systems are shown in diagonal array in Tables (2) and (3). 
A very peculiar feature is the absence of the (1,1) and (2,2) heads in the 
Av *a 0 sequence of the oti system. It cannot perhaps be ascribed to per- 
turbation of any of these vibrational levels for other heads involving v' or v* a» 1 
or 2 an5 present. It might be suggestive here to note a similar abrupt absence 
of the (1,1) head in the bands of HgCl (Class I) system observed both by 
Wieland (1929) and by Cornell (1938) although the (1,0) and (0,1) heads of 
the same system are observed to be fairly intense. 

The analysis does hot show any level in common with the visible bands 
and all attempts at an alternative classification on the assumption of a common 
level were unsuccessful It is only with the present arrangement that nearly 
all the band beads have entered into the scheme. The a6(v) int^ervals are 
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not quite conaifttent throughout the array but are considered to be due to the 
uncertainties of ineasurexnent on account of the diffuseness of the heads. The 
estimated means of these intervals have led to the following formula for the 
heads assigned to the ai system : — 

* 38786’7+f47-7(f/-f i)-0‘8(?/+i)®] 

- [55-2(v" 4-i)-0*8(?/ + J)2] 


Tabli^ 2 : Intenaii}/ in thp 



7 '' abt*k 3 ; disfrifmtion in the system. 



For the system the formula is 

V « 380220 +[44«2(f;* +|)-.0«4(v' +i)»] 
^[55-5(u-'+i)-^0-8(u*'+i)«] 

The constants show that the final level is common to the two systems and is 
probably a state of the molecule, 
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A confirmation of the vibrational asBignmentB by the «tu(iy of the isotope 
effect has not boon posBible. Iodine is not known to have isotopes. The Hg 
isotope effect has no doubt l^oon detected in the Class I system of HgBr by 
Wielaad — the component heads due to Hg*®® and with and Br®^ 

having been identified. But in the Hgl bands, when the classified heads are 
asRumod to be due to and the isotopic displacement is calculated, 

the shift for evexi for the heads (11,3) of the ai and systems are 

obtained as 0*76 and 1-2 om"^ respectively — a difference which is not 
observable on account of the diffuseness of the bands. The diffuseness itseli 
may be partly due to this unresolved isotope effect. 

Class A system. 

Table 4 gives the wave-hmgth and other data of this newly obtained system. 
The analysis is simple, the band heads forming obviously narrow sequences. 
The system, in its general arrangement, rostunbles the Class II system of HgCl 
in the region A2800, with the difference that the component P heads of the 
(0,0) sequence are also developed. The number of the heads suggests that 
the transition involved is ^2’, with the electronic separation of about 
126 cm"“i. For the Qi heads, which are the strongest, the vibrational 
formula 

« 39231*1 +j98*l(i/+i)-“24K+|)2] 
--[92-7(«)'^+i)-2*0(v'+i)‘^j 


has been obtained. 
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Tablz 4 : Caktlogue and olaffn/lmtion of ihn band head» of €lm0 A nysttmi oj Hgl. 


Wave-length 

Wave number 

Int. 

Olassifioation 

2588-40 

39383-1 

1 

( 6 , 6 ) 


38-71 

378-2 

\ 


1 

39-02 

39-29 

373-5 

369-3 

1 

2 

( 3 , 3 ) \ 

OoaflH 

39-67 

364-9 

2 

( 1 . 1)1 


39-84 

360-8 

2 



40-18 

365-5 

4 

( 4 , 4 )\ 


40-86 

345-0 

1 

( 3 , 3 ) \ 

L 

41-24 

339-1 

1 

( 2 , 2 ) / 

fP^ lienda 

41-66 

332-7 

1 

(M) 


42-08 

326-4 

1 

( 0 , 0 ); 

1 

42-33 

322-2 

1 

( 8 . 0 )^ 


42-64 

1 317-4 

1 

( 7 . H ) 


42-96 

1 312-6 

1 

( 6 , 7 ) 


43-47 

1 304-6 

1 

( 6 , 6 ) \ 

heads 

43-89 

' 298-1 

2 

( 4 , 6 ) 

44-29 

! 291-9 

2 

( 3 . 4 ) 

44-68 

1 286-9 

3 

( 2 , 3 ) 


4605 

1 280-1 

3 

( 1 . 2 ) j 

1 

45-62 

275-4 

3 

( 0 .»)' 


48-14 

263-4 

1 

( 6 , 6 ) 

1 

46-68 

266-6 

2 

( 4 , 4 ) 

1 

47-30 i 

47-44 

245-6 

243-3 

2 

2 

( 3 . 3 ) 

( 2 . 3 ) 1 

headH 

47-73 

238-8 

3 

(i.uj 

1 

48-04 

234-1 

3 

( 0 , 0 )^ 


48-77 

222*8 

2 

( 4 , 4 )] 

1 

49*04 

218-7 

3 

( 3 , 3 ) 1 

1 

49-29 

214-7 

1 

(2,2) , 

iPy hettdB 

49-40 

211-7 

1 

(hi) 

1 

49-84 

206-6 

! 

( 0 , 0 ) 


60-63 

, 194-4 

2 

(M) 


60-89 

190-2 

2 

(7.«) 1 


61-13 

186-5 

2 

( 0 . 7 ) 


51-39 

182-5 

2 

( 6 , 6 ) 


51-84 

175-7 

3 

(4,r>) ^ 

\Qi head* 

62-23 

169-6 

3 

( 3 , 4 ) 


52-78 

161-4 

3 

( 2 , 3 ) 


68-28 

153*6 

4 

(1.2) 


63-76 

146-2 

6 

( 0 , 1 )' 



The following table gives the values of the energy (in volts) of dissociation 
and the figures show the potential energy curves for the three systems of 
bands dealt with in the present paper : — 


System 

D' 

D" 

V (atom) 

flti 

00» 

012 

4-76 

» - j 

016 

012 

4-72 

A 

014 

013 

4-86 
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The last column suggests that the dissociation products for the respective 
electronic states involved in the emission of all these systems are probably 
the same. This value of v (atom) agrees closely with the atomic exdtatioD 
energy of 4-9 volts corresponding to the transition Hg (^iS) to Hg (*P) so that 
those atomic states constitute presumably the respective products of disso> 
cation of the lower and upper electronic states concerned. 

I2B 
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ON INTEGRATION OF STELLAR EQUATIONS FOR BETHEVS 
LAW OF ENERGY GENERATION. 


By U. R. Bubman. 

((Communicated by ProL N. R, Sen.) 

{Received January 27, 1942,) 

Abstractt. 

The application of Bt^the’e law of energy generation in tl\e internal constitution of 
Stellar bodies on the aHsumption of the radiative transfer of energy, is discuBsed. Thrw 
numerical integrations of the stellar equations have been performed for a central tem- 
perature 2. and central densities 8(1, 40, and 1 gm./cm.'* The configurations all appear 
to be infinite, behaving ultimately ns isothermal gas Hpheres. 

1. iTdroduciion. 

Bethel has recently suggested a irwwhanisni for the generation of energy 
in stellar interiors, where the temperature is high enough to produce trans- 
mutations of the light atomic nuclei. By this process, the hydrogen content, 
which is quite in excess in the main sequeno<^ stars, takes pai*t in a reaction 
producing composite nuclei (He) in presence of carbon and nitrogen, which 
merely behave as catalysts. The binding energy of these composite nuclei 
is set free and this furnishes the energy necessary to maintain the radiation 
from stars. The object of the present paper is to study some consoquonoos 
of this theory when applied to the internal st-ructure of stellar bodies. 

We have carried out some numerical integrations of the stellar equations 
of equilibrium taking as luminosity function the one given by Bethe’s theory 
of energy generation in stellar interiors in its accurate form. Several numerical 
integrations of the stellar equations® are found in the literature on the 8ubj(x*.t, 
of which the one which bears some likeness to the present case, is that corres- 
ponding to the point-source of energy. The plan followed here has been to 
start with Strdmgren*s model of a star like the Sun, having a central temper- 
ature of the order of 20 million degrees. Assuming this oeutral temperature, 
integrations have been performed from the centre, for central densities 80, 
40 and I gm./om.®, all for a hydrogen concentration of 35 p.c. (by weight), 
and an opacity formula given by Kramers* law with a continuously varying 
guillotine factor (except in the last case where it is treated as a constant). 
The ratio of radiation to gas pressure in the neighbourhood of the centre in 
the three oases is respectively -003, *006, *25. The radiative transfer of 
energy has been assumed throughout after an examination of the limit where 
the radiative gradient is to be replaced by an adiabatic one. It is expected 
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that a comparison of these models with the standard model or the point- 
souro© models will be of considerable interest and help us to explore the possi- 
bilities in this line. 

The results of integrations have been given in three tables. It is foutid 
that none of the three cases really give a stellar body configuration, and all 
these gas spheres attain isothermal conditions after varjring distances from 
the centre. 

According to Bethels i law of energy generation, the energy generated 
per gm. per sec. may be put in the form 


t = €opT-ie ( 1 . 1 ) 


with 


4 X^X^rrlQ ^ 
3I ‘ mim^me^ZiZ^, * 


(L2) 


Here p is the density of the gas, Zj, Zg, the concentrations (by weight) of the 
two reacting types of nuclei, their masses, ZiCy Zge, their charges, 


m 


— — , the reduced mass, rn, the combined radius, O, the energy evolved 


per nuclear reaction, jT/h, the probability of the nuclear reaction per sec. after 
penetration, and 


JS«8 



(1.3) 


k being the Boltasmarm constant, and htss^hjin. 

For the reaction the following numerical results given by Betho 1 

are used in this paper. 

r0 = cm., 

r « 5 volts = 7*95 X 10-12 ergs, (at T » 2.10’^), 

Q = 7 8 X 10“« M.U. « 7 8 X 10-® X 149 X 10-® ergs., 

« 14X1-00X1O-2* gm.. 

W5j(Hi) :«^1.06xlO-2«gm., 

Za(Z) «0*1, 

X^(H) «0-36, 

Zi(N) » 7. 

^MH) «1 (1.4) 


2. Si^r equcAiona for 9kaAy state of equilibrium. 

The fundamental equations for steady state equilibrium of stellar bodies 
are 


13B 


dr 

dr 



xUr) 

47rcr2 



.. ( 2 . 1 ) 

.. ( 2 . 2 ) 
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dL{r) »s 4trpr2 «d5r (2.3) 

dM(r) 3=s 4Tr/jr* d^r . . . . . , (2.4) 

where P ^ pg (gaa pmssure) (radiation pressure), 
p =» density, 

M{r) » mass within a sphere of radius r, 

L{r) ss luminosity at distance r, i,o. ©nergyflux across a spherical 
surface of radius r, 
c =! velocity of light, 

0 SK constant of gravitation, 

€ « energy evolved per sec. per gm. as determined by Bethe's formula, 
X (opacity coefficient) 

=3 xo ^ (Kramers* law), . . . . (2.5) 

tT* 

with 

In th^ opacity formula, the guillotine factor t can according to Bethe, be 
represented by the form^, 

t = ApiT^i (2.5) 

for densities between 10 and 100, and for temjjcratures between lO^iC and 
3.10^1?, A being a constant. 

Bethe does not give the value of this constant A . We have constructed 
tables connecting t and p for different values of T whence in conjunction with 
(2.6) we obtain A «= 2*6x10®. 

We may, therefore, take the dependence of opacity on density and tem- 
perature to be given by 

X *= (2-5a) 

and Xo * ^ • 

Let us introduce a change of variables in the stellar equations, by the 
following substitutions, 

r as fQXt p «a* PqC, T TcfTy M a» 

L » Pr « (Prh Pff ^ (Pu)o P 
Here > 0 *, ilfo, Lo are constants of the dimensions of distance, moss, and lumi- 
nosity respectively, and further 

* central density, 

To* „ temperature, 

(Pr)o *= »* radiation pressiu-e, 

(j>ff)o“ gas pressure. 



* This ro shoald not be cwmftwetlWith tb© r^ Jn (1.2). 




304 


TT. R. BtTRMAN: ON INTEORATTON Or STBIXAB RQTJATIONS 


Writing the pressure equations as 


k 1 

Pa =■ p'l'< Pr ~ 3 

(2.8, 2.9) 

where ft = molecular weight, H == mass of the proton, a 
we get on account of the above definitions 

at Stefan’s constant, 

g sa T*, P =a <TT . . . 

. . (2.10, 2.11) 

We now introduce the substitutions (2.7) in the equations (2.1)-(2.4) and 
putting 

{Pgh ^ ro{pg)o ’ 

Lo = i^pl*oTo~ ^ rl, 
b^BjTl 

.. (2.12) 

obtain the followmg equivalent set of equations 


dx '*'^dx~ • X* •• 

.. (2.13) 

dg ffi T~'*’ . 1 

dx^ x2 ' 

.. .. (2.14) 

b 

dl 2 — .i « 

~ sss a T * c . X® , 

dx 

(2.16) 



.. (2.16) 




FOtt BBTHB’S law of BNHRGY GENKKATION, liOS 

kl(iH-po’ 

IS 

Qt ^0 rii 17\ 



ro 

Hence for specified /x, po and all the above constants are known. We put 
in addition /x = 1, which is very nearly true for a star in which the H 2 -content 
is in abundance. The above eonstants all then depend on po - 

Those aolutions of the equations (2.13)-‘(2.16) will correspond to a steUar 
body, for which a, t vanish simultaneously for a finite value of the radius. 
The boundary conditions at the centre are cr=l,T = l,Z = 0, W4ss:0. 


3. Density and lenipe.raiure gradients. 

We shall start our solutions at the centre with given central values of the 
density and temperature, the energy generation bcung strictly governed by 
Bethels formula. Before proceeding with the numc^rical work we shall inves- 
tigate the conditions under which the radiative density gradient in tlie neigh- 
bourhood of the centre remains (i) negative, and (ii) stable, for the energy 
generation law assumed. 

Ba 

The density gradient ^ will be positive at start from the centre if 


(S). 


>0 (the second derivative not vanishing). 


From p asB ott we got 


_ /5^r\ 

WJo" W/o 


for a and t both have the value unity at the centre, and the first derivatives 
of all the three variables vanish there. Equation (2.13) gives on diif(U'en- 
tiation 

By expanding m in a Taylor’s series about the origin, wo obtain 



BO that 
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It may also be seen without difficulty that 


whence 


/9^\ I 

/ 0 ^ \3i*^ /o 


the (condition for the density gradient to bo positive at start^from the centre 
becomcH 




3“ + 12® 


""'‘G'+4/S') 


The constants a, involve the central density and the central 
temperature To while b involves Jq only. For an assigned Tq, the above 
inequality will give a limiting value of the central density, which when ex- 


ceeded will cause the density gradient near the centre to be positive 




Taking Tq « 2.10^iL, and using Bethe's value of ft, viz. ft =» 66 for this tem- 
perature, this limiting value of po <^omm out to be 75 gm.jGm} Hence for 
do 

Po > 75, > 0 from the start, and for pg < 76 the gradient is negative. 

We now discuss the stability of the radiative gradient. The radiative 
gradient y,, is given by 

dT dP 

y “ y* p * • • • • . • • • • 

while the adiabatic gradient is defined by* 


whore 


in which 


dT Tg-l dP 

(4-^)(y-l) 

7iS+3{y~l)(l-/9)(4+)8)’ 


** r total pressure 
and y a ratio of the two specific heats. 



FOB law OF BNBBGV GBKBEATIOK. 


m 


The radiative gradient is stable, if ^ 




otherwise the equilibrium will be convective (adiabatic). 
We calculate at the centre thus: — 


At the centre, 


dT dr Idq _ la»T“Vj 
T~T~IJ~ 4 ** 


_ ft' 

P p+oLq ^ p’^cng* 


dp _ Ic^ p+OLQ I 

Tj P ^ i jS' ‘ w 


\T / P7o - ip' \dm)o 


Ijfa b 
iP' •* • 


Hence radiative equilibrium is stable if 




(¥). 


To obtain the value of po for which the condition (3.6) is satisfied, we calculate 

the function for different values of po» arbitrarily assigned. Further 

p 


p+otg 


Hence, ftt the centre, 
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Wo then plot the central value of - 
on a logarithmic scale as follows : 


against the central value of (1— /?) 


^0 

logio(l-^) 


5 

-133 

-240 

10 

~l-62 

-Iv57 

25 

-201 

-0*57 

50 

-2-31 

0-IH 

KM) 

-2*60 

0-92 



Fio. 1. 


In a similar manner the following table gives 4 against the 

figUTf^ being taken from Obandrasekhar’s * Stellar Structure’^. 
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l-i9 

A 

0 

1-6 

0-1 

1-304 

0*2 

1-177 

0-3 

l-lOK 


logio(l-^) 


— oc 

0-204 

-10 

0-116 

-0-70 

0-071 

-0-62 

0-046 


Corresponding to the values 10”®, lO’^® for 1— jS, we ciileulate 4(r2“l)//’2 
from (3.4) taking y = 5/3, and obtain two further results as follows: 





-3-0 

- 2-0 


0-203 

0-192 


Next wo plot log 4 


l\-l 

A 


against log (1-/8) on the pajHa- of our previous graph. 


1 I PC 

The two curves of log— > e~ 

P 


and log 4 


*1 


intersect at a point for which 


A 

log —2*32, This determines a, and hence the upper limit to po 

satisfying (3.6). This value of po monies out to be 52 gm./am,^ Thus, for 
central densities less than 52 gm./cm.®, the equilibriuin is radiative; for higher 
central densities a stable configuration would require a convective gradient, 

4. In tliis section we propose to give the results of our numerical irittv 
grations. It has been shown in the previous stn^tion, that, if wo take a central 
temperature 2,WK for the Sun, then for central densities greater than 75 
gm./tmi,® the solutions of the equations start with a positive density gradient 


(S-)' 


just leaving the centre. Further, if the central density bo less 


than 52 gm,/cm.®, the stable temperature gradient at the centre will be radiative, 
which will, however, have to be replaced by an adiabatic gradient (non- 
turbulent convection) when this limit is exceeded. It has been shown by 
N. R. Son® that for an energy generation law with a high power of the tem- 
perature as that of Bethe, the temiwrature gradient, if radiative at the centre, 
will continue to remain radiative outwards all along. With Bethe's energy 
generation law in the accurate form, we have performed threes integrations. 
The first is for po 80 gra./om ® Tq = 2My^K. This should approximately 
represent the central condition of the Sun according to Stromgron^s suggestion. 
The solution naturally starts with a positive density gradient. Two other 
coses worked out both have stable radiative gradients, viz. po » 40 gm./cm.®, 
po =« 1 gm./cm.® and « 2.107 jf in both cases. The results are given below. 

The process of integration has been extremely slow to begin with. A start 
has always been made by Adam's method, and after a certain stage, the work 
has been continued by the method of successive approximations. This is 
very convenient, when the steps are to be made larger and larger as the 
integration proceesds. In fact, in the first case of integration, the original 
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Hinall step of a?' » 10*^ has been increased 256 times towards the end of the 
work. Whenever a step has been doubled, care has been taken to ensure 
that the check formulae provided by the method are strictly veiifled within 
their limitations. Only towards the end, these verifications have bem made 
up to one unit in the last decimal figure, as further accuracy was not passible 
under the oiroumstances. 

(i) pq s=s 80 gm./cm.s, (radiative gradient not stable). 

Here 

ro « 2 . 10-8 

4.10-8 
Z/o « 3 . 1020 
as* 3.10-8 

10-26 (4.1) 

For the sun, the boundary values are given by 
r r= vqX « 7 . 10 ^® cm. 
if 2.1088 gm. 

L LqI sm 4 . 1088 ergs./seo. 

If we introduce another set of variables in j^laoe of x, m, and I defined by 

» S= g • lOl" . x' 

m « 6 . 10*8 . m' 

I « 101* . I', 

it may bo seen that those new variables are all expressed in terms of the 
respective solar units except T which is 4/3 times the solar unit. 

With these changes equations (2.13)-'(2.16) become 


dq 2 0 *r * V 
3?"* 7' *'* 


dll' 


5 . 10“ . or" ’« 


b 




dm^ 
‘ dx^ 


dm' 

W 


86(ra:'« . 


(4.2) 


At the origin the boundary conditions are p s» 1 , g ob 1 , a 1 , m' *» 0, V ^sz 0. 

This case has been worked out in nearly 160 steps of which we insert 
only 24 in table I, and those wifi show the general character of the solution. 
We start with an interval x * «: 10-*, the choice of this intmwal depending 
on the values of the higher derivatives of the variables at the origin. The 
interval must be such that we may not have to pass out of the oirole of con* 
vergenoe of the Taylor’s series which we have to oonstnict in the first few 
steps of Adam’s method. 
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m' 

T 

a 

Table I. 

P 

m' 

V 


0 

1 

1 

1 

1 

0 

0 

1x10“* 

1 

1 

0*999999 

1 

0*3xl0“io 

0‘7xl0“» 

46 


0^99948 

l-OOOl 

0*99794 

0*99968 

2-8xl0“« 

6-7x10“* 

446 


0-95590 

1-0036 

0-83494 

0*95926 

2*6xl0“» 

3*8x10-* 

510 


0-94404 

1*0028 

0*79427 

0*94672 

3*8xlO-» 

60x10-* 

590 


0-92807 

1*0000 

0*74186 

0*92832 

6*9 X 10-8 

65x10-* 

990 


0-84167 

0-9530 

0*50184 

0*8021 

2-7x10“* 

1*2x10-1 

1374 


0-76689 

0*8378 

0*84408 

0*6413 

6*9xl0-a 

1-3x10-1 

1725 


0-71104 

0*6882 

0*25560 

0-4893 

l*3xl0“J 

1-4x10-1 

2110 


0*671 

0*514 

0*203 

0-345 

2*0xl0'» 

l-4x 10-1 

2622 


0-639 

0-328 

0*167 

0*210 

3-Ox 10-1 

it 

3134 


0-628 

0*207 

0*165 

0*130 

4*0 X 10“ J 


3646 


0*624 

0*135 

0*151 

0*064 

4*8xl0“i 

a 

4158 


0-619 

0*094 

0*147 

0*068 

6-6xl0“i 

>> 

4670 


0-618 

0*070 

0*147 

0*043 

6-2 X 10“i 

*« 

5438 


0-617 

0-044 

0*145 

0*027 

7*1 x 10-1 

»» 

6462 


0-617 

0-026 

0*146 

0*016 

8-2x10-1 

it 

7486 


»» 

0*018 


oou 

91xl0“i 

ti 

9534 


*> 

0*009 

** 

0*006 

10*6x10-1 

H 

12094 


♦» 

0-005 

»» 

0-003 

12-2X10-1 

»» 

16178 



0*002 

»» 

0*001 

14-6X10-1 

Tl 

23346 



1*0x10- 

a 

6-2x10-* 

18-1x10-1 

»» 

43826 


«, 

2*3x10“ 

4 ,, 

1-4x10“* 

26-8x10“* 

it 

60210 



9*7x10“ 

A 

0*6x10-* 

81-9x10-1 

♦ » 

In tables I, H and III, x'. 

?. p, 

m\ V repres(«)t respi^ctive]}^ the 


central diatanoe, temperature, density, radiation pressure, gas pressure, mass 
and luminosity in suitable units. 

The integration in every case at start is given up to dve decimal places, 
but when the steps of integration become large, the method of integration 
followed cannot generally give more than three places of correct decimal 
figures. 

We have carried out the integration as far as six times the solar radius. 
The luminosity V attains the constant value 0-1 (in solar unit) at a distance 
of about 0-2 solar radius, wfiich means that the energy sources extend prac- 
tioally up to this distance. The temperature r takes up the constant value 
0^62, the density a and the gas pressure p gradually diminishing, but the mass 
gradually increasing. The whole thing now behaves as an isothermal gas 
sphere, which is known to have an infinite radius. There is one point to be 
noticed here; when r becomes 0*62, o is of the order of Od, i.e, the density 

p is of the order of i of the central density po («» 80), so that towards the end 

ctf the table we have somewhat overstepped the density limit for the validity 
of Bethe's representation of the guillotine factor f. This will not, however, 
affect the qualitative character of our results, as we have subsequently shown 
(in the caaepo «« 1);, that taking the proper representation of t for low densities, 
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WO arrivo at a similar result, i.e. an isothermal atmosphere in the end. 
We give below some values of the poly tropic index n at different distances 
from the centre, n starts with a negative value but tends to become in- 
finitely large towards the end, which corresponds to the case of an isothermal 
atmosphere. We calculate n from the formula 




dp+txdg 

p+a.q 


(-• 




p-f gg da 

a dx' 


(4.3) 


Here the values of p, g, a and the derivatives are taken from the integrated 
results (the derivatives are not shown in the table). 


0x10-^ 


(ii) pqsz 40 gm./cm.*, (radiative gradient stable). 

In this case the constants a, etc. are given os follows : 

a « 6 . 10“», « 6 . 10-2®, fo « 6 • lO"® 

10*25,10*0. ifo«7.10-5. .. 


m 
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Expressing the variables a:, m, i in terms of solar units by the transforma- 
tions 


1-4x1018 a:' 


m = ~ , 1088 
7 


25 


1018 /' 


the equations become 


ii 

dx''^ dx' 


60 ^ 
49 ' a:'8 


dg _ 4 cr ♦ V 

dxf 35 ‘ 


dV 

dx' 


25 

'24 


1026 . err V 


;Tra dm' 
dx^ 


dm' 

dx' 


96aa;'2. 


(4.5) 


The starting interval is x' « 10-8 , and the total number of stt^ps worked 
out is thirty-six of wliich wo give only eleven. 






Tablk II. 





x' 

T 

a 

9 

P 

m' 

1' 


0 

1 

1 

1 

1 

0 

0 

1 x 10-3 

1 

0-99998 

0-99999 

0-99998 

o- 3 x JO-f 

0 - 3 X 10 -« 

10 


0*00062 

0-00842 

0-00840 

0-00804 

3 - 2 X J 0 -» 

2 - 7 xlt)-« 

52 


0-00016 

()06820 

0-96121 

0*94877 

4 - 4 x 10-3 

3 - 4 X 10 -* 

100 


0*97008 

0-86820 

0-88663 

0-82766 

2-0 X 10 -* 

l- 7 xl 0 -» 

106 


0*03656 

0*66110 

0-76937 

0-61613 

l- 7 x 10 -> 

O-Ox IO-> 

260 


0*92666 

0-37943 

0-73732 

0-36160 

3-2 x) 0 -' 

6 - 6 x lO-i 

ass 


092007 

0-17760 

0-71602 

0*10328 

(IDxlO-^ 

8-2 X 10-1 

5 iS 


0-918 

0-079 

0-712 

0-073 

I-O 

8 - 9 xI 0 -» 

676 


0*918 

0-049 

0-711 

0-046 

1-3 

9 - 3 xl 0 -« 

740 


0*918 

0032 

0-711 

0-030 

1-4 

9 - 4 x 10-1 

9 - 4 X 10 -J 


Here also wo arrive at an isothermal condition as in the previous case, but 
there is one point of diflferenoe ; her© the constancy of temperature sets in some- 
what before the constancy of the huninosity. This difference will be more 
marked when we pass on to still lower central densities, and in fact for the case 
Po »“ 1 isothermal condition sets in right from the beginning, 

(iii) SB* 1 gm./om.*, (radiative gradient stable). 

Here we taJee the opacity law in the form 
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The density being low, Bethe’s representation of i as a function of p and 
T is not vaJid. From the study of our tables connecting t and p at difFermt 
temperatures, we find that in the present case t may be regarded practically 
as a constant quantity with a value 2*6. 

The constants a, jS', etc. have the values 

a « 2*6 . 10-1 
* 2 . 10-3M> 

To « 6*0 

3fo«2.108 

Lo«2.10*^ (4.6) 

With 

a;* 6.1010a:' 
m =e 10*0 tn' 

r«:: 2 . 10 ®r 

the equations become 

dp , dg _ 1 m'o 


dq 



*'2 


dx' 


aa ~ . 10®^ or * 



^=»216a*'« (4.7) 

Here m\ V are values of the respective quantities in solar units, and x* the value 
measunid in five times the solar unit. 

Table III gives the chai’aoter of the solution. 


tabx^ hi. 


ai' 

T 

O 

9 

P 

fn' 

V 

0 

1 

1 

1 

1 

0 

0 

1x10-8 

1 

0*99998 

1 

0*99998 

7*0xl0*-» 

2*0xl0“8 

60 

J 

0-9700 

1 

0*9706 

8-7x10-8 

2-IX1G-8 

OS 

1 

0-8007 

1 

0-8967 

6-2X10-* 

1*6 X 10-8 

194 

1 

0*672 

1 

0-672 

4*1 X 10-8 

7*9xl0-« 

290 

1 

0*401 

0*99997 

0-461 

1*1 

1-6x10-8 

3S6 

1 

0*297 

0*99996 

0*297 

20 

2*2x10-8 

482 

1 

0*197 

0*99996 

0*197 

2*9 

2-8x10-8 


5^ The setting in of an isothermal condition at some distwoe from the 

centre is due to the fact that the derivative ^ determining the temperature 

gradient is very small, which is a consequence of the energy generation formula, 
Tiiis may be seen from the following mialysis. 
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{expanding ^ in a Taylor^s series about the 





The odd derivatives vanish at the origin, as may be seen by differentiating the 
expression for ^ . 

€uX 

The fourth derivative b(dng of much smaller order of magnitude than the 
second, the latter is the predominant term in determining the value of ~ . 
We have 





The exponential factor (which is a consequence of the energy generation law) 
is responsible for the small value of the temperature gradient. This must 
be connected with the ultimate setting in of isothermal conditions. 


Conduaion* 


We have found that when a central temperature of 20 million degrees and 
a hydrogen concentration of 35% (by weight) are assumed, the inte- 
grations of the stellar equations in radiative equilibrium for central densities 

(i) 80, (ii) 40, and (iii) 1 gm./om.» lead respectively to — 

(i) an approximate isothermal state at a temperature of over 12 
million degrees at a central distance of about 0*6 times the solar 
radius, where the density is about 3% of the central value, 
and mass 82% of the solar mass. A constant luminosity of 


about 14% of the solar value is attained in this case at about 


1 

5 


of the above central distance; 

(ii) an approximate isothermal state at temperature and density 

about 92% and 8% rcspeotivoly of their central values, at a 
central diertanoe of about 65% of the solar radius, the moss 
there being about 1 solar unit. A constant luminosity of about 
94% of the solar value is attained immediately after this stage ; 

(iii) an isothermal state right from the centre. 

None of the three oases considered here correspond to a stellar body solu- 
iacm and pur expe^ is that for the assumptions made regarding energy 
generation aiKl opa<dty it wiU not be possible to find a central density which 
will give a sfoUar body with finite mass and radius, with a purely 
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radiative gradient throughout. The theoreticjal investigations on the nature 
of the solution near the boundary by N. R. Sen ® also explain this standpoint. 
It is of interest to note that our solutions are of the type in which the 
curve (temperature-density variation within stellar bodies) has a very steep, 
almost a vertically descending downward gradient as or decreases to aero for 
a finite r = to, as descrihed by Gliandrasekhar 7 in liis work on the stellar 



^ 


Fio. 2. 

structure* with a simplified form of energy generation law. This is shown in 
Fig. 2. The three cases integrated correspond to central conditions repre- 
sented by Pi, Pg, and P3 respectively in Fig. 2 on different curves. 

The author takes this opportunity of expreissing his gratitude to 
Prof. N. R. Sen for liis constant help and advice, and to Dr. R. C. Majumdar 
for the benefit of frequent discussions with him. 
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ON STELLAR MODELS BASED ON BBTHB’S LAW OF ENERGY 

GENERATION. 

By N. R. Saw. 

{Received Janmry 27, 1942.) 

Abstract. 

Stellar models for a core source of energy, and opacity law of tho type k x and 

radiative energy transfer have been disoussed. It is shown, Unite stollar configurations 
may bo possible only when 6<4o. Oonerally for all positive values of a and 6 there are 
solutions which ultimately correspond to iBothermul gaa spheres of infinite mass and radius 
and non-zero' limiting temperature. 

TrUroduction,, 

1. U. R. Burma n haH roccntly completod some numorical integratioriH 
of the equations of stellar equilibrium on the basis of Bothers law of energy 
generation ^ in its accurate form, and radiative traiisfor of energy. His 
cftBes show a uniform behaviour of the integrated result. For the central 
densities he has assumed for integration, almost the entire energy generation 
is confined towards the central region, and very soon a stage is roacluxl from 
where outwards the luminosity remains practically constant. Numerical 
integration reveals in each case a nearly isothermal condition at fairly high 
temperature sooner or later, suggesting the configurations are infinite. 

It is not a priori clear why for a fairly large range of central densities 
assumed by Burman in his integrations he has not found anything to suggest 
that there exists some finite configuration which may represent a stellar body 
with a radiative gradient. 

The object of this paper is to examine analytically what circumstances 
lead to isothermal conditions and generally infinite configurations as found 
by Burman. The problem is posed as follows. There is an energy generating 
core of a stellar body surrounded by a radiative envelope within which the 
luminosity is constant. A general opacity law depending on some powers of 
density and temperature, e.g. k ^ (a, 6, positive) is assumed for the 

envelope. We enquire under what conditions wo should obtain a solution 
with finite mass and radius, emd what conditions should load to solutions eorre- 
aimmBng to isothermal spheres. We may also note what other types of solu- 
tkms with significance may be expected. As we shall confine our 

at^aHon here only to the radiative envelope, the conditions will all refer 
tq the outer boundary only and be only necessary ones. Permissibility of a 

1 Beths, HlUeigy Froduotiou in stars. P%s. ifss., 55, 434, (1939). 

VOb. [Fublwdisd August 17th. 
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Bolution in the central region is for the present outside the scope of our invostiga- 
lion. Nevertheless our investigation will not only throw light on Burman's 
result but also give us some understanding about some of the implications 
of a core source of energy and a general opacity law of the type ewssumed here. 

Th& equations. 


2. Wo start with the equations of stellar equilibrium 


dP M(r) 

•• •• 

.. (1) 

dpf. Kf> L 

dr c 

.. (2) 

dM(r) 

dr 

.. (3) 

k 1 

P=^Pu+Pr, Pr-^"T* .. 

• • (4) 

An opacity formula of the form 


K = kop"T->‘ 

. . («) 


is asHumod. We sludl assume a and h to he 'pomtwe, which is suggested by the 
known opacity laws. As we confine ourselves to the region outside the core 
source of energy, L is considered to be constant. Making the following 
substitutions ^ 


Pf/ (Po'^Opy Pr *= (Pr)o<h P =» P0^> ““ ^ 0 ■ T, r as M as . . (8) 

where o-, r, x and m arc pure numbers, we can put the stellar equations 
(1) — (3), and (4) in the form 



d(jo+«^) s» — jS . majx^ .dx 

. . (i«) 


dq dx/x* .. 

.. (2a) 


drn » <rx*dx 

.. (3a) 

and 

p SK ar, « T« 

. . (4a) 


when the following six equations arc satisfied: 

(Pa)o * Po^’o. ipr)o “ I "■To*. (PrhUPek “ «. (^-MoPoIrl (pg)o - 

(KoLf>o<**^)l^ro(p,)oTl = 1, ivpor^jMo » 1. . . (7) 

For given fi and kqL, equations (7) express any four of a, Tq, rq. Jfq 

in terms of the other two, say ot and fi. These two constants are the parametm 
of the set of our equations. Alternatively^ we may consider pq, r*. calling 
them central density and temperature of the configuration, os the two inde* 
pendent parameters in terms of which the remaining four constants ore deter- 
mined by (7). The distance r and mass M are then expressed in terms of tim 
new units. 


^ Those substitut/i<m» are first used by Eoweland. A^ophysik, 4y 

ms, ** 




BBTHE's tiAW OF BKEEO Y GK>1 EBATION . 

319 

Eliminating a 

from (la), (2a), and (3a) by means of (4a) 


we obtain 




dp+adg ■» -'/Spg"* . m . dxjd^ 

.. (16) 


dq » — ^ • dxfx^ 

.. (26) 


dm = //g"! . dxj’x^ . . 

.. (36) 

Dividing (16) by (26) we obtain m as follows 



m =ss . p*g“'^^(dp/dg+a) 

. . (1«) 

where 

4rf = a 4*6 . . 

.. (8) 

Dividing (36) by (3a) we obtain dmjdq, and then substituting the above valvie 

of m we obtain 



, . (2c) 

Introduce the variable 





then (26) gives 

= ®-(«H)orfH 1 
dq * * 

. . (3f.) 

Let us introduce a new variable t defined by 





.. (9) 

so that 



Then (2c), (3c) and (9) are equivalent to the set 





rf<* 

.. (10) 


It 

.. (11) 


dq p* 

dt q-t 

.. (12) 

where V «* jp4*otg. 

(10) may be replaced aocwding to (36) and (16) by 





(10a, 6) 


whioh are sometimes useful. 

We shall discuss the nature of the solutions of (10), (11), and (12) near the 
boundary. As we confine ourselves strictly to the stellar problem, we note 
that g, and n represent the gas pressure, radiation pressure, and total pressure 
respectively, iwid ^ is proportimial to the reciprocal of the central distance. 
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Mor(X)ver from (11) it is apparent that (a dash will denote differentiation 
with regard to t) is pro]>ortional to the reciprocal of density. Hence 

if we define the stellar boundary by ihe mnditions jp m 0, ^ « 0, ihen ed the 
boundary in infinUe. 

Again from 


^ fl? ^ w ^ - 

^ dx ‘\ P/ ' at dx' ^ a dx 


.. \l2a) 


n' oa p'^CLCj' 


-^(j>+«9)oc- 


p dr 


we conclude that n' is proportional to the total mass within the aphero passing 
through the point concerned (equation (1)), and to confine ourselves strictly 
to iistropiiysical cases we shall asaume n to be positive. We may also 
look upon p' os representing mass in a certain atmse; in fact it may be consi- 
. dortxl to be proportional to the mass which produces that part of the accelera- 
tion of gravity which is necessary to balance the gradient of p at the poiiit 
concerned. At regions of inverted density gradients p* may be negative 
when this interpretation fails. A similar interpretation may be given to q* 
w’hioh cannot be negative. Wo are intc^rested in solutions such that at the 
boundary, tt* ms p'+aq' must tend to a positive limit, finite or infinite; and if 
one of p' and q' ho small compared to the other, this latter must represent 
practically the whole mass. 

Equations (I0)-(12) do not contain t on the right hand side. Hence 
for integration, given the initial values of f, q, rr and tt', the initial value of t 
is immaterial. Wo shall always take < =« 0 to ooiTespond to the boundary 
surface. 


The Soludions. 

3, We now jiroceed to discuss the nature of those solutions of {10)“'(12) 
which may be of astrophysical interest, in the neighbourhood of i « 0. We 
are interested only in the region where 

>0. 

and in solutions for which 

0<go< fb «wid V ^ 

Equation (11) shows t increases with and as by (12) immediately below the 
l)oundary surface t will be positive and inoreasing, we shall be interested in small 
positive values of t only. Physical considerations indeed require that all the 
above quantities should be continuous in this region. 

We note the following properties of the solutions we are seeking. 

I. i and q both tend to finite Umiis (o^O^and qo>0, os 1-^0; and 
0<iro' < 00 . This follows from (11) and (12) which show ( and f are monotone 
inoreasing functions of t \ hence as 7 decreases to zero, f and $ must deoreasa 
monctodicaUy, and each has as limit either zero, or a positive quantity; 
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The second part is equivalent to the assumption already made that w' must 
be positive coupled with the property that increases monotone a8/->0 which 
follows from (10). 

II. When tto' ie finite, and so also is wo* 

Thin follows from (10) since the right hand side is bounded. Hence if 
as tt' increases to the finite value ito', and so n tends to the finite 
value iT<), 

III. As wq' is positive, finite or ir^nite, v* is positive as t-vO, hence ir 
decreases to the. finite limit ttq as 

We now consider four possibk oases as follows : 


Case 1. Let f o then wo *= ot§fo 

By (12) »= 0; we first prove that ?ro' = must not be finite. 

For if be finite and 0. 

p ^ JHit 


Then by (11) 


and integrating 


e 


.iL 

Pet 


4 


Po 


(<-► 0 ) 

«-^0) 


.. (14) 
.. (14a) 

.. (14fc) 


whioh <5ontradict8 the assumption =* •!>' hence Pq‘ cannot have a finite 
noti-zero value. 

Let us take the other alternative p,’ ^0 (in addition to 0). 

We note by differentiating (12) 


op' 


lO-l 


qu 


P- 


dp^ 

qd^i ^ 


.. (14c) 


that since po and ^o' vanish q^^ must bo zero. Hence by (10), po* *“wst be 
negative (infinite). Now os also po « 0, p^ w 0, p must be negative as i^O, 
Hence the possibility pp' «= 0 is also excluded. 

With Pe infinite we find by trial the solution has the following structure 


■i- 

A* 


integrating 

and 






1 




1 (<->0) .. 

.. (16) 

1 (<->0) 

.. (16) 

>. Further we have 


(<-►0) 

.. (17) 

.|-4m+l (<_^0) .. 

.. (17o) 

(-4m+2 (<-,4)) .. 

.. (176) 
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where wo is constant. Since vq is finite and j ^ | J n-nQ is 

thus of the order of a power of t which lies between 0 and 1| and hence less 
than n. 

Hence also 


Equation (11) given 






g^AHl-4m){2-4m) 


P 


. (♦m-2 


Thus 


and 


w— 1 ass 4rw— 2 , i.e. in i 


1 

3’ 


Equation (12) gives 


^-( 11 ) 


<2o/» 


which gives 


n s= 1 + a , B 
A 


/I8\i l->i, 

\J) 


(<-► 0 ) 


(17c) 


(16a) 

(16a) 

(166) 


Hence for »* 0, , we get a solution of the type 

I 11 1 

Ah p oc r , and poc^oc^ ,Pc3Cpx--s (since a>0) as /-4*0. 

t f * 

The corresponding to this aoltdion has infinite radim and uUinuUely 
behaves as an isothermal gas sphere tvith a limiting temperature different from 
zero. Since is infinite, the mass of the sphere is also infinite. 

Case 2, Let go * 0. 

Since Wo' is finite; also here wo “0* 

(i) Let go' <> • Then by II, no' =* po'u aho finite, po' “ ^ ^ excluded 

as that would make ttq' » 0. Since po « 0, Po'j^O 

' .. ( 18 ) 
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Substituting in (12) we obtain 
and integrating 

where 
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.. (19) 



7"his Hubstituted in (11) gives 



whence integrating 

4/4 **'^1 

(^-^0) .. (21) 

Pq a+l 

(18), (19), and (21) constitute a solution in the neighbourhood of the 
boundary surface. Since ^0' sa 0, we must have from (19) 

a > d, i.c. 3a > 6 . (22) 

Equation (10) is satisfied up to the highest order in t. We may note that 

, and TT'-^jSmoi (t->0) 

and the other conditions, e.g. » 0, ^q' » cso (6 is positive) are automatio- 

ix2±i 

ally satisfied. Further we have as i-^O, Pocp Near the boundary 

the sphere behaves (as regards compressibility) as poly trope of index n » 
(6+3)/(a+l), wliich is less than 3. 


(ii) l4et go' befinUe and>0. Then 

(I'^qot {t-^O) (23) 

Again ir© *» 0; also since jto' finite and so also is q^^ 

hence po' must also be finite. Let po' 56 0, then 

p-Po'L «-^^0) 

Equation (11) on integration now gives 

4</* 

(<~>0) .. .. (24) 

Po 

By substitution in (12) we obtain 

Hence as q^ is finite and ^ this type of solution exists only when 

a os rf i,e. 3a w* b (25) 
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Thus for 6 » Sa we have the solution 

g ^0% n ^ iTQ*t 

•• •• .. (26) 

Equation (10) is again satisfied up to the highest order in t. 

Thus for 3a 5*= 6 we obtain finite spheres with p 0, T « 0 at the boun- 
dary, Also near the botindary PocpI, so that the spheres behaves thwe as 
Emden polytropes n » 3. 

Let nowpo' = 0 in addition to being finite and different from zero. 

Thus 


q ^ 

Equation (12) then gives 


BO that 


1±1 ^ 

P~qo' " 


rf-fl 

f d f ^ 

p ^ - go < 
a 


Prom equation (11) we have 

t 

f ' ~ 3o'^ a fi a 


whence integrating 


i <1+1 


(<->0) 


^ <i 


f ~ fo+ 


„ I* a 

Vo a 

573 - ‘ 

4 a 


(23) 


(24a) 


(246) 


Since po' a» 0, and ^ is finite we have 

l<d/a<6/4, 

in other words 


3a < 6 <C 4a. 


(26a) 


We note that this also satisfies the condition (o' ^ co. In this case we easily 
find near the boundary P oc p^afiAd^a)^ ^ that the compressibility relation 
near the boundary is that of a polytrope of index n * 6/(4a— 6), which may 
lie between 3 and 00. 

Hence we find that scitUions {which tmy be of aeirophyeiced ifUeres^) saiid^ 
fying tke homda^ oondifions a jlmto 6ot(ndarK tc6en6<4d. 

{iii) Let go' <« 00. Since by (12a) p^' cannot be negative as {#/iir)0 is 
negative or z^o, tto' is infinite. But as a sph^e of finite ra^us (|o finite) 
cannot hfve infinite mas8> this case k of no pfayriosd importonoe. 
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Cate Z. Let fow O, ^o bbO. 

(i) Sappose q^' «= 0. Then Wo ^ 0, and s p^. First sappose pg' 
is finite; its value must be greater than zero since irg' >0. 

Then 

P • • • • • (27) 

From this by following exactly the steps of Case 2(i) we obtain 

a+1 

q^AM . (I-M)). 

Since » 0 we muei have a^d. Again integrating (11) and proceeding ae 
in Case 2(i) we obtain 

a«H 

f ~ const. t*W+». (<-*.0) .. .. (28) 

Substituting in (10) and integrating we have 

w' iTo'+const. (^"►O) . . , . (29) 


Hence d>a, which oontradiots the previous inequality o>d. Hence 
cannot be finite. We have then to seek a solution satisfying the following 
boundary conditions 


go 0 > iro 0 » f 0 *« 0 

go" 0 , Wo" « 00 , fo' ■* 


.. (30) 


We shall prove such solution cannot exist if d>a, i.e. &>3a. 

Let a«<li • Then po' being infinite^ and po » 0» if be sufficiently 
small, 

p>p"^>pi'«. («^j) .. (31) 

Similarly, since gi) M 0, and go' « 0 


Now 


q<q't<q{t. {t<h) 
^ P Pit pT 


whence integrating from 0 to t we have 

f<4 (^)* («tj) 

Substituting in (10) we obtain 
'WbMme'integrating'..:'. 

w'-»i'>cMog(ti/i). (<<«,) 

■"-''■■'-I* 


.. (32) 
.. (33) 

.. (33a) 

.. (84) 
.. (35) 
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But we have also (nQt^O, no ' » oo) just tike (31) 

• f • • (81a) 

Hence 

7r>wi'«+c'i log(ii/0; (<<*i) .. 

.. (36) 

(36) with (32) gives 

p>pi'<+c'nog(«i/0. (<<«i) .. 

. . (36a) 

From equations (12), (32) we have 

p* aas qf^q' 

BO that 

rf+l d 

p<qi'-f^ {t<h) 

. . (37) 


Comparing (37) with (30a) we find these two relations are inconsistent as 
< -> 0 if d > a. 

We have succeeded neither in obtaining the form of the solution satis- 
fying (30) as ^->0, for d< a, i.e. b<3a, nor in proving that such a solution 
does not exist. However, if this solution should exist and have astrophysical 
significance we note the corresponding sphere should have infinite mass and 
radius, and the temperature should vanish at infinity, in fact it should dimi- 
nish to insignificance long before that. 

(ii) Suppose ia finite and ^ 0 . Then since jo 0 


q • (^ -> 0) 
Substituting in (12) we obtain 

p^q^* » ^ , {t^ 0 ) 

Equation (11) gives 

1 






l_d 




?0 

d 1 

which shows - > ^ . Integration of equation (40) gives 
a a 

6 4 

whero is a positive constant, and 


(38) 

(39) 

( 40 ) 


(41) 


Ids 

Let us use this time equations (10a, b) instead of (10). Subatituting <4l) 
in (10a) and integrating we obtain 

1 /(l-o 

m — wio 7^ — 






( 42 ) 
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m 


Let us first assume the total mass to be finite. This requires by (42) 


Then integration of (10&) gives 


d , 
- > 1 
a 


7T ^ q^t 


(t->0) 


since from (38) we have 


jSwio == go 


(43) 


(44) 


. (45) 


There exists thus for = 0, go" =* finite quantity 0, a solution with finite 
mass and infinite radius when 

, d 6 
a 4 
i.e. 

3a < 6 < 4a . . . . . . . . (46) 

This is really the same solution as under the condition {25a), Case 2 (ii), which 
is now shown to exist continuously for all fo limit |o == 

Next suppose the total mass tw, to be infinite (ttq' infinite). 

Then 


m ^ 




t 




(47) 


80 that 


^<1. 

a 


Substituting in (106) and integrating we have 

kd 

1 t ‘ 


:«3 


Since itq » 0, we must have d>3/4, so that 

!<-<i ■ 

4 a 

But since 4dy^— 3<1 we have comparing (38) and (48) 

id 


(t^O) 


(48) 


P 




--3 




(«->0) 


(49) 


(60) 


This is oonsistent with (89) only when dja "1 which contradicts (49). Hence 
(fo' >■ finite and m infinite furnishes no solution of interest. 
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(iii) We now take the third alternative m co. With thie we consider 
the three poasihilities no* » oo, while po' «« 0, or a finite quantity 96 or 00. 
Let us first take Pq* ^ a finite quantity. Since po » 0 we have 

p^^Po't (<->0) .. .. (51) 

Substituting in (12) and integrating we obtain 

0+1 

g ^ const, t -> 0) (62) 

Since $0' «« 00, we must have d> a. Substituting (51) and (52) in (11) and 
integrating we have 

f ~ const, t . (I -> 0) (63) 

Using (63) in (10) we obtain 

^n** const, t ^ , (< -► 0) (54) 

whence 

dm.a 

const (i^O) (55) 

Since 00 , we should have d<a, which contradicts our previous 
inequality d> a. Hence there is no solution with Po ^ ^ non-zero finite 
quantity. 

Let Po'“ We can easily show that this is incompatible with a 
Since » po' «» 0 , ^ ^ > ?o' ^ piaanatt qftUM^ty 

of higher order than q. Hence as ^ 0 





This relation is incompatible with u > d. For a < d an explicit form of the 
solution has not been obtained. 

Let us take the case go' «s oo , and po' ss ao . The following solution has 
been found by trial. Let 


g-- jK", 0 <n<l. (t^O) 
Substitution in (10) gives 

whence integrating we obtain 


(8 


il*(4»»-- 1) 


<1-4-. (<-,. 0 ) 


Hence m > ^ . A further integration gives 

(8 


,4«(4m-.l)(2~4m) 


t***"*. (<-a0) 


.. ( 66 ) 
.. ( 67 ) 


.. ( 68 ) 

.. ( 89 ) 
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Since ttq t* 0, we have w < ^ so that t < ♦» < 5 . We write (59) as 






-r 


,2 -4m . 


( 00 ) 


^4(4^_l)(2-4m) 

then a solution of the desired form is obtained by taking jt> to be a small quan- 
tity of much higher order than q , so that in (60) we put 

n SK 2— 4.m . . . . . . (61) 

and 

p 


olB f 


^4(4^_1)(2-4w)' 
0 with n 

p we determine by substituting in (11) 


.. (61a) 


We note that (61) is compatible with n < 1 while 7 < w < . The order of 

4c 4U 




1 n 

P 


whence 


I}i j-.«u 

p ^ ii- . t* . (i-^0) 
Am 


(02) 

We noto to/ 4— m+1 > to ia satiafitsd. Next aubatituting in (12) we obtain 


whence 


giving 


and 


7« 


wd+n— 1 « — m + 1^ 

_2d+l— 3a/2^ 6^2a-f2 
*“ 4d4.4_2a “26-2a+8' ' 


(63) 

(64) 


(61) and (63) give m and n, and then (61a) and (64) A and B. The solution 
we can put as 

f ^ const. const, i®"**** p const, pcc . (->0) . . (65) 

where m is given by (63). The condition \<ni<\ imposes the condition d> a, 

4 2 

i.e, 5 > 3a for validity of the aoltdion (65). This follows from (63). The per- 
missible models belonging to Com 3 ore all infinite with infinite masses. 


Case 4. Let qa^O, Then itq' is finite. But as go' “ 0 ^7 (12), 

» while iTo 96 0. We first take po' ^ bwt finite. Then 

■: r6' ■ ■ ■ 
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Equation (11) we can write as 

that 

f ~ logt. (< -+0) 

Po 

but this is incompatible with |o finite. The possibility vs 0 is excluded 
otherwise we should have itq =» 0, Hence there can be no solution of iniereM 
under Case 4. 

Conclusion, 

4. Our results we summarise as follows. If the energy generation is 
entirely confined to a region near the centre, outside which the luminosity 
is constant, and the opacity is given by «« kqp*T^^ (a, 6 > 0), then the 
only case in which finite stellar configurations with density and temperature 
both vanishing at the boundary may be possible occurs when b < 4a (Case 2). 
Generally, for all positive values of b and a there are solutions which corre- 
spond to infinite configurations behaving ultimately as isothermal gas spheres 
(Case 1). Solutions which correspond to finite stellar configurations with 
non-zero temperature but zero density at the boundary do not exist under the 
present scheme. 

The first two cases integrated by Burman correspond to 6 > 4a, and hence 
only infinite configurations are to be expected. It is further evident (as is 
also verified from Burman *s Tables) that the solutions obtained all belong to 
our Case 1, and are of the typo described by the equations (15a), (Ifia) and 
(16ft), which give ultimately isothermal spheres with generally non- zero 
limiting temperatures. 



ACCURATE CALCULATIONS ON THE CASCADE THEORY OP 
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Abstraox. 

A rigorous solution of the equations of the Cascade theory^ taking the radiation 
and pair creation cross -seotions to be those for complete screening and neglecting ooUiston 
loss entirely .is given. The sohition is expressed in the form of an integral, from which 
the nature of the energy spectra of the shower particles as well as the total number of 
particles at any depth produced in a particle excited shower and also in a quantum excited 
shower for various energies of the primary have been obtained. The differences occurring 
between a particle excited shower and a quantum excited shower has been interpreted 
physically. The results of the present paper have been compared with similar results of 
the previous authors. 


Following the physical ideas put forward by Bhabha and Heitler (1937) 
and Carlson and Opponhoimer (1937), the theory of the cascade proetBS in 
cosmic rays has been worked out by several authors with a view to making a 
more rigorous treatment of the problem both from the standpoint of physical 
assumptions and mathematical treatments. Landau and Rumer (1938) 
tried to work out the prohlpm, neglecting ionisation or collision loss. Starting 
in a rigorous way, they ultimately made such approximations that instead 
of giving more accurate figures than those of the preceding authors, their 
results are often in error by as much as a factor thirty. Later on Serber (1938) 
tried to work out the same problem aud extended the calculations of Snyder 
(1938). But their analysis is defective for various reasons ♦, 

In a paper by Bhabha and the present author f a complete theory of the 
cascade production of cosmic ray showers together with the effect of the collision 
loss on it has been given. In the present paper we give the results obtained 

• The function b{y, #), used by Serber, is easily seen to be given by 




n 




With these values of k(y, s), the expression for Z, as given by eq. (C) is an infinite series 
wluoh obviously diveryM f&r alt eoluss of S, Consequently , Z cannot be a proper solution 
of the problem. scries does not satisfy the correct boundary conditions at t «t 0, 

and due to the divergsnoe of the series it is impossible to say that the bounds conditions 
are satisfied even spproxhnately. The expresrion given for JV without the term k^{y^ ^y) 
irill,; however, give the total number of particles having energies greater than fi, if collision 
loss is nsi^ted, as wiU be evident fipom the pr 

f In course of publication, referred to in this paper as (A). 


* 

n 




(FubHahed Kovetnber 1942. 
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when one neglects the collision loss completely. A comparison with similar 
results obtained by the previous authors has also been made at the end. 

In making such calculations the exact oross-seotions for radiation loss 
and pair creation, for the case of complete screening as given by Bethe and 
Heitler (1934) have been taken. The variation of these cross-sections 
due to inoompletenesB of screening and also the effect of collision loss 
have been neglected. Denoting by t all lengths measured in terms of a 
characteristic length such that a length of 1 c.m. in a material corresponds to 
47U7S / \* . 



let P(E, t)dE and Q(Ef t)dE be the number of particles and quanta respec- 
tively at any depth t and having energies lying between E and E+dE. Also 
let N(E,i) be tho total number of particles at the depth t and having energies 
greater than E. Following the work of Landau and Rtimer, Bhabha and the 
present author have shown that neglecting collision loss, the total number 
of particles of energy greater than E, produced by a primary particle of 
energy Eq, is given exactly by, 
a-f ioo 


N(E. t) ■■ 


1 

2iri 


_L 

\E J S-iIm-A 


-A -M ^ 
e + 




■/S—l * ^ 7*— A 

a— too 

and also the energy spectrum for particles and quanta are given by 
ff-f icso 

1 r /EoV iD^X -)u . 


P{E, t) 


Q{E, 0 : 


2iTiE{ 

I 

2miE(^ 


I 


-too 

ir-ftoo 


m-m 

^ 1. 

\E ) >-A'V 


where 


* 

^6’ » (I + «) log r{8) +Y- 1 + 1 } + 1 - 
[s“ (f +*) (iS+l){«+2)] ’ 


dB 


dS (2) 


(3a) 


S{8+1) 


■» 2 




D ass 


•0«. 


and 


a •» 1/9 log (18355 y the Euler-Mosoheroni oonstant. 
A, are the roots of tho equation 

ai*-(A^+X>)»+(^5D- 
« is same real nombw gieatu than 1. 


■BsCs)^ 


m 


(4a) 


(46) 


(4c) 


(4d) 


( 6 ) 
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We, therefore, have 


where NAEy i) i 


N(E,t)^N^(E,t)+N^iE,t) .. 

M A rt\ * 


o—tco 


N 

2irt 


where 


y “ log, 


f exp{y(5-l)-/u<} 

^ o- ipo 


(i—D 


dS. 


(0) 

(7a) 

(7fc) 


The integral (7a) can be evaluated by the saddle point method, with an 
error which is less than 2 per cent, and is given by 

exp '/'('S'o) 




where 


V27r0'(So) ’ 

MS) = y(5 - 1) -A< + log 


V&’-lp-A/ 


( 8 ) 

( 9 ) 


and So saddle point, such that ^'(8q) » 0. A dash represents differen- 

tiation with respect to 8. 

The values of ^ calculated from equations 

(4) and (5) for all real values of 8. A complete table of such values has been 
given in (A). From this table the values of *1^(8), ^'(-S) and can be 

obtained for all real values of 8 at intervals of Od. For any other value of 
8 lying between any two tabulated values, the values of 0(/S) and are 
to be obtained by using Newton’s formula for forward interpolation, viz. 


m 


MSi)+ . A MSi)+ If - MSi )+. . . .. (10) 


^ 2! A* 

where 8 lies between Si and Sy, which are the tabulated points and 

and A the successive differences. Putting — ~ 

we have 

■f’CcA) 




MSi)+xA A*^(«i)+.. 


(11) 


Equation (11) has been used for the determinations of ^(Sq) and 

To get the value of Sq we use (11) taking tft'iS) instead of <I>(S) and 
putting Sd aas 8i+xh, we moke tlt*(8x+xk) m 0, so that we have 


0» 
So that, 
a? a 


. nsi)+o!A nsi)+ A* f («i)+ 


im 


** 


A«f(^i) 


A^(Sl)~4A*f{5i) 2 * {Af(Si)-jA*f(Sx)}’ 

and oonsequently to a second approximation, 

f(5j) 1 A*f(^i) {^A'(^i)}* 

* " ~ A 2 • { A m)-iA* f (Si)}* ’ 


.. ( 12 ) 
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The value of 8i for given values of y and i can be easily obtamed by noting 
the change in sigh of the tabulated values of ^'(S). Since the values of 
and 8^ are known to the first plaoe of decimal and to the order of aocuraoy we 
require, one more place in the value of 8^ is sufficient, it is enough to consider 
up to a second approximation. The value of x given by (12) can thus be 
considered as sufficiently accurate. Thus knowing x we get 8q immediately. 

The values of Nx thus obtained from (8) are given in Table I. It can also 
be shown as in (A) that 

.. (13) 

where a' (4+«)* 

The values of are also given in Table I, from which it will be clear 
that for ^ > 3, is negligible. 

Tablb 1 . 


Values of and as functions of y and t for a particle excited shower. 



■ 

1*0 

2*0 

8*0 

4*0 

6*0 

8*0 

10*0 

15*0 

26*0 

2 

1 


M4 

0*12 

0*723 

0*02 

0-44S 

0-247 






3 


>||Rgy 

2*05 

-*0*22 

1*73 

M9 

0*453 

1 

i 

0168 

' 0*0548 



4 

Na 
- ^ 

2-32 

-0-04 

■Qffijjjl 

4*58 

4*06 

2*18 

0-889 

0*328 

0*0223 


5 

I^A 

3*10 

7*20 

* **0*22 

1 

9*01 

10*6 

7-81 

4*07 

1*77 

0*148 

6-48xl0-» 

6 

Na 

4*20 

-*0*3S 

11-64 

0-ie 


24-66 

23*62 

16*45 

7*99 

0*909 

' 

4-84xl0-» 

7 

Na : 

6-70 

-O'lO 

17*96 

0-66 

34-06 

0-30 

50*70 

68*21 

50*46 

31*34 

4*870 

i 

3-8exl0-» 

S 

^A 

6-81 

0*28 


■gi 

98*14 

167-0 

149*6 

108*4 

22*82 

0*230 

9 

na" 

7'6B 

0-se 

36*83 

0*80 

83-64 

-0-17 

174*4 

1 

349*8 

401-8 

- 

339*2 

' 

98*09 

1*43 

10 

»'a 

8-40 



48*37 

148-8 

305*4 

720-2 

1000 

981*6 

37M 

8*24 
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If the primary be a quantum of energy instead of a partiole, we have 
fcM* the boundary conditions, 

P{JB,0)«OandQ(^,0)«8(lSo-iP). .. .. (U) 

In this case we have 

^o+ioo 

/wA-sr p i _u 

.. {16a) 


ff — <00 
•+<co 


a^tco 


Consequently, the total number of particles Nq{E, 0 produced in a quantum 
excited shower is given by 
o-f icx> 

0 — ftOO 

0 + *OO 

1 r fEoY~' B 1 -A* 

’^27r»J \e) V-A'S-r* 


.. (16) 


except for very small t. 

The values of P(E, t), Q(E, t) and iVy(J?, <) can similarly be calculated by 
the saddle-point method. The values of N^iE, t) for different values of y and ( 
are given in Table 11. 


Tabui U. 

ValuM of N^B, t) ai huwtioni of < for a quantum excited shover. 



1-0 

2-0 

3*0 

4*0 

60 

8*0 



25*0 

% 


0*854 

0*862 

0-480 






3 

mWUm 

1*70 

1*75 ; 

1*47 

0*786 

0*208 




4 

■KT9 

2-04 

3*00 

4*02 

2*76 

1*38 

0*575 



fi 

mBSm 

4*78 

7*73 1 

0*86 

8*67 

6*41 

2*68 

0-287 


6 

3*30 

7*12 

13*7 

19*6 

21*9 

18*0 

10*7 

1*56 


■ ■'7 

2'66 

10*0 

23*3 

37*0 

i 58*2 

54*1 

38*3 

7*58 

0*0687 

8 

295 

14*3 

37-1 

68*6 

131 

140 

123 

32*6 

0*441 

8 

3*54 

18*4 

57-0 

110 

279 

374 

362 

130 

22*4 

10 

4*38 

26*0 

88*5 

201 

563 

901 

093 

473 

18*8 


It will be evident from Tables I and 11 that the ourves giving jV as a 
f^Blctlon of t are almost the some for a showw inroduoed by a partiole or a 
quantum of the same initial energy, with the diffecenoe tiiat the latter curve 
is shifted to a greator thickness by nearly one nnit of loogth over the whole 
of its range. It has been shown in (A) that for a given y the m a x i mum of N 
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and P will occur at Buch a value of t that the corresponding value of is 2. 
From this it can be deduced that for a given y the maximum of N for a particle 
excited shower will occur at a thickness, 0*82 in characteristic units less than 
that for a quantum excited shower. The value of fc>r the former, however, 
will be greater than that of the latter, although the relative difference decreases 
as y increases. This will be clear from Fig, 1 where the JV^-^ curve for two 
different values of y, viz, 4 and 10, have been given both for the particle excitiMl 
showtu' (P) and quantum excited shower (Q). This is exactly what is to be 
expected from the physical nature of the problem, A high energy quanta, on 
entering the material, creates a pair within a very short distance in which one 
particle cither has an energy nedfly equal to that of the quanta, which then 
produces the cascade, or two particles, each with about half the energy, both 
of which produce smaller cascades. 

Scale 



A comparison of the values of N obtained from (7) with similar figures 
obtaimd from the work of the previous authors has been made in Table III. 
It is clear from Table III that the results obtained by Bhabha and Heitler 
are correct to within thirty per cent at the position of the maximum and also 
to the left of it in the transition curve. For a particular value of y, the vahiee 
of N m obtained by Bhabha and Heitler are less than that of the present pajjer 
before the maximum of the transition curve is attained, after which the values 
of Bhabha and Heitler are higher than those of the present paper. The values 
of Carlson and Oppenheimer are very much higher than those of the present 
paper, This is due to the approximate forms of the ai^ressious assumed for 
tlu. cross-sections of the diffwrent processes. 
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TabIiST III. 

Oompariaon of the values of N for a partiole eiccited ahower. 

B, & H. »a Bhabha and He^tlor. 

C. & O. »« Oarlaon and Oppenheimer. 

0. » Present author. 




2 

4 

6 

8 

10 

12 

3 

B. AH. 

L60 

164 

0-60 

0*22 

0-06 


C. Sc 0. 

3-30 

8'00 

1*30 

0*60 

0-20 



: C. 

1-83 

. M3 

0*45 

0*17 

0*055 


5 

B. AH. 

6-40 

1200 

10*60 

6-80 

3*20 

1-40 


0 . 

«-»8 

lO’Ol 

7*81 

4-07 

1*77 

0-689 

10 

B. A H. 

40'0 

250 

640 

U30 

1360 

1040 

C. 

48-37 

306-4 

720*2 

1000 

98l»6 

762-0 
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CONTRIBUTION TO THE THEORY OF STELLAR MODELS. 

By N. R. Saar. 

(Received May 20, 1942.) 

Abstaaot. 

stellar modeU for the energy generation law ijocp^^^atudied by Chandrasekhar have 
been examined as regards their dimensions and convective stability. It is found only 
the standard solutions represent hnite configurations. Furtlier* Chandrasekhar's - y- 
models are all radiatively unstable for The stability condition for (a» $) -model 

has also been studied. 

1. Introduction. 

Stellar models in which the average energy generation per unit mass of 
enclosed matter denoted by n) is given by 

( 1 ) 

p and T being density and temperature respectively at the point concerned, 
have been considered by Chandrasekhar (1936, 1937). Taking the opacity 
to be given by a formula analogous to that of Kramers, Chandrasekhar has 
studied the relation between p and T within such stellar bodies, and also the 
conditions for the inversion of density gradient. The oasf3 a « 0, caUed by 
him y-modol, has been considered in detail, and as regards the general character 
of density-temperature relationship proves to be typical of the more general 
case ot>0. Denoting temperature and density measured in suitable units 
by T and cr respectively, thrfx^ types of t— a solution curves have been shown 
to exist. Of these there are two which may correspond to stellar conditions 
even up to the boundary. The first type of solution, called standard solution 
by Chandrasekhar (denoted here by S), can be represented by a curve starting 
from the origin (t 5 = 0, a « 0) at a definite slope rising gradually, in some 
oases going to infinity, and in others turning back at a certain stage and 
asymptotically approaching the r-axis, A second type of solution curves 
starts from the r-axis with a steep gradient, rises upwards to a maximum, and 
then bends back and quickly assumes an asymptotic form approaching the r- 
axis* These may correspond to stellar bodies with finite surface temperatures 
(called in this paper / solutions). A third type of solution curves in which cr ->■ 
const* or 00 , as r 0 will not be considered here* 

Beyond isolating these solutions and studying their density gradients 
which bring to light the density tempcirature relationship within the models, 
oharaoterM^^ these solutions have not been studied by Chandra- 
sekhar* In the present paper we shall consider two other aspects of these 
aolutioiuL l!irs%, we shall study if S and / solution 1 give finite configurations 
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and masses. Such solutions are of interest in the way that they wwty directly 
represent stellar body configurations. Secondly^ there is the more important 
question of radiative stability. The above solutions have all been obtained 
on the assumption that the cmergy transfer within the models is mainly by 
radiation. But there are certain conditions which must be satisfied in order 
that this may be true. We shall test the S and I solutions of Chandrasekhar 
from this point of view. 

Our exaniinatioix of these solutions shows that whereas the S solutions 
give finite configurations,* 1 solutions, as one can easily understand, ultimately 
correspond to isothermal gas spheres with infinite radii and masses. Further, 
many of the S solutions are rodiatively unstable, those for fairly high values 
of 8 all along the solution curve, while others for lower values of 8 for tempera- 
tures (t values) higher than certain limiting ones. Values of a higher than 
2 are inconsistent with stability except under some rather unimportant special 
oonditioi\s. The I solutions have portions starting somewhat below theii* 
maxima and extendnig up to the r-axis (which they meet for finite values 
of t) which are rodiatively stable. 

Paet I. 


2. The Equatioss. 

For the energy generation defined by ( 1) and for a law of opacity given by 


we have from the equations 


K 

P" 

" *0 y$+f * 

dP 

GM(r) 

dr " 

t* ^ 


xp L{r) 


e 4irf* 


by following a well-known analysis of Chandrasekhar (1936) 

where y « pg/p^ » (gas pressitre)/(radiation pressure), x 

4y «« S+Sqt+Sft— s— 3, K « 4^7rcOMjtCQrf^L\ 

Using Chandrasekhar's variables 

ymzq, XMmqy, v « a +6 
we can write equation (&) as follows : 


• Chandrasekhar has indoed numerioaUy worked out the 3 solutions for oertain 
values of y. They give finite oondgurations. 
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Ws want an equation to determine r. For this purpose w© rewrite 
the equation 


in terms of z and q, and replacing r by the variable f , where 


and using (7) to replace the derivative dzjdq^ we have after some calculation 
the following equation between z and f 

1 d f dz^ , ... 

Further from (3) we obtain 

1 ,,, , r^dP ^ dz 

M(r)a: -r~az — - — r-jF5- •• •• 

p dr z5t(l_gY~’’) 

Equations (7) and (9) will enable us to find the dimensions of the stellar models. 
Chandrasekhar transforms equation (5) in t— cr plane by putting 

paapoOf, r « ToT (11) 

the constants po, Tq filing defined by 


i(«W) 


W© have then the following connections between the variables 

2 «PB or, 5 =s r“S Xmmr'^^y va qy^ y mm zjr^ ^ uji*. .. ( 116 ) 
W© may not© c cc density, roc temperature, oc (radiation pressure), 
« oc gas pressure, and ^ oc radial distance. 

3. The y-MODEL. y«=l. 

The class of stellar models discussed in detail by Chandrasekhar corre- 
sponds to a «» 0, 6 « 1, 4y « (8--S), and has been called by him y-model. The 
nature of the integial curves of (6) on (t, or)-plane has been described. The 
case y « 1 is specially interesting in consideration of the fact that the (r, a) 
differential equation can then be integrated in closed form, and as regards 
the behaviour of the solution curves is typical of the oases i < y < lv We 
shall first discuss the case y w# 1, and later proceed to deal with the more 
general case rather briefly. Bigorous proofs will be given in the Appendix. 

Oose y » 1, 6 «» 1. We shall seek solutions of the equations 


dq ««r z) •• 




r e 

d*[ 
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such that as a->0i t->0; these solutions are known to exist (iS solutions). 
W© shall be interested in the region whore t is small, and hence also s. The 
solution of (7a) in question is 

i _a-log (!_*). .. . . .. (12) 

For small z we have 

Jggi 2**^ ^1— • 

Substituting in (9a) and putting 

we obtain for small n 

4 1 ' ! I;] - - 1 ' ^ s “■ <*’> 

This has solution such that as w 0, fo < . In fact it has solution of 

the type 

with a > 0, Substituting and keeping only relevant initial terms we have 
[l +g Ua(a-l)(fo-fi)“-*+B«(«+l)«o-fi)*'^ 

+C(a+l)(«+2)(fo~fi)*] +l 
From this the initial coefficients can be calculated 


a Ml 


2J? 

whence the asymptotic form (14) is found except for an arbitrary constant A. 
A determines the slope of the u cmrve at its zero lo* 

The form of (13) also shows that for every small the solution of (13) 
will behave as the solution of 




(m 


JLA 

which represents a poljijrope of index 1. The solution of (13a) i$ of the form 
A which is oscillatory in character. The amplitude 

of the oscillation is of the order of ^ , while the difference in the solutions of 

Cl 

(13) and (13a) in a sufficiently small interval round the zero of the solution 

(13a) can be shown to be at least of the <M?der of « » So the solution in ques^ 

cr 

tion ctf (13) « wiU vanish just like tlmt of (I3a), ^ 
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( 14 ) 


As regards J solutions we can show that (7a) and (9a) admit of solutions 
such tiiat as 0, T -^To > 0, while oo. 

Lot, as T To* ? "-> ffo* 

d(T**) 4 \ d^r / 

and as in / solutions (icr/tfr oo asr ^ tq, we note that dz/dq — oo as g goi 
and s 0* By trial we get the following a 83 anptotic solution 

A 

rz i 

e 

B 


a > 0. oo) 


q^qo — 


^+0 ' 

The condition c> 0 makes dzjdq -► 
we obtain . 

^ A PC 
B a+c 


c>0 (f 00 ) 


] 




00 as ^ 

1 

^3o* 


■ 00 . 


.. (16) 
Substitutmg in (7a) 




2 


00) 


whence 

c = a, B 5 

Further substitution in (9a) gives 

whence 

oc s 2, and A < 

Henoe there is a solution of the type : 

21 2go /> V 

Bnbstitation in (10) gives 

e dg 

*5fi(z— 1) (igr 


2 

i? 


(16a) 


M" 


oc ^“>00 asr->To. 


{16a) represents the asymptotic behaviour of I solutions for large f, and 
corresponds to configurations of infinite radii and masses. 

On the other hand, it is not possible to construct a regular solution such 
that a!-^0, g">*go» while instance, let us suppose 


and 


Then 


*~-il(ifo--f)*. «>1 
Sf~2o-JJ(^o~e^ /9>0 




►fo) 




SoDoe J3 > 0 {A b«lag positiTe), and /3 > a . 


(16) 


(17ol 
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Substituting in (7a) and comparing both sides of equality we obtain 

j8 « 2«, J5 =. . . . . . . (176) 

If now we substitute in (9a), then among the loading terms we have the equi- 
valence 

^(fo-f)-»~^(fo-f)“9o* (17c) 

which is impossible as a > 1. 

An idea of the behaviour of the I solution as « 0 can be formed thus. 

Wo know that as z 0 

9~9o— ^9o*®* 

*g4~gola^l- 

and equation (9a) has the form 

Putting log 2 = -y, 

we find as y 00 the behaviour of the solution of (19) is the same as that of 



We can convince ourselves that for y -4- oo this again has solution behaving 
as that corresponding to on isothermal gas sphere given by the equation 


^(z->-0) .. (18) 


-LA 





.. (196) 


It is known that every solution of (196) os oo approewhea its singular 
solution aw so that on every such solution as oo and oo, 

(diy/d!fj)2->4/fi*, which will ultimately bo negligible compared to 1 on the 
right-hand side of (19a). Thus as y oo (19o) has solutions behaving as those 
of (196). These are J solutions which ultimately correspond to isothermal 
gas spheres. 

The asymptotic behaviour of the solution » 2/fi* also throws 
light on our previous result (16a) where we found * x 1/f*. We know in equa* 
tion (196) for isothermal spheres the term represents density, and in the 
present cose where r is ultimately constant (and da /dr x ), » « or ultimately 
will represent density and be expected to behave as 


4. The OKisrBaAn CASK (y5»^ 1). 

We have discussed the case y»w 1 in detail. The conclusions for this 
case apply to the more general cases also, but many of the simpie axgizments 
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of the above section are not applicable in the more general oases. An ana* 
lytioal proof of the property of the S solution, constructed by a method followed 
by the author in a previous paper (Sen, 1942), has been given in the Appendix. 
As regards the I solutions we now consider the typical cases treated by Chandra- 
sekhar, suppressing full arguments and details on every occasion. 

Take the general y-model. We put a = 0, h «= 1, sw 1 in (9) and (7), 
and have to satisfy the equations 


dff® 1 dzl 

dq z J 


For 1 solutions we seek the asymptotic forms of those solutions for which 
asT*->To, i.e. and dzjdq-^ 

We try the following solution 


«, Bss 


.. (21a) 


• * * • ' 

A and B being positive. This gives 
dz A a 

Substituting in (76) and using expansions valid for small z, we obtain by 
comparing the terms of highest order 

C«*, = <21a) 

Again, the substitution of the asymptotic values (20) in (96) shows that this 
latter equation can be satisfied by putting 

a - 2, Aqo*/a « 1 (216) 

(2Ia) and (216) determine the four constants in (20) which can be written as 

^ 2 1 •' ■■ 

SO that a ^ ^ • ) 

The more general oaeo ((a, fi)>mode]) may be treated similarly. In fact making 
the sabstitution (20) in the original equation (7) we obtain the relations 


SO that 
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and further substitution in (9) gives the same relation as (216). The asymp- 
totic form of the I solution in this general ease is 

2 1 2” + * 8-|-y--2y j 

2 ‘li .. (23) 

The I solutions thus all correspond to in^nite configurations which ultimately 
behave as isothermal gas spheres. 

The case of the S solutions is treated rigorously in the Appendix. We 
can, however, get a physical insight into the nature of the solution near the 
boundary by an analysis similar to that followed for y = L It has been shown 
by Chandrasekhar (1937) that for y > 2, the behaviour of the 8 solution is given 

by 

(t-*-0) .. .. (24) 



whence we calculate 

zqi as T* 

4-.y 
4— y 




(25) 

( 20 ) 


Substituting these in (96), and using expansions valid near r «= 0 it can he 
shown that as r 0, the standard solution (at least for 1 < y < |) behaves 
as the solution of the polytrope equation of index 3— 2y. 


Part II. 

CONVBOTIVB STABILITY OF THR MODBLS. 

5. Thid sTABiiiiry conditions. 


We shall now examine how far the S and I solutions of Chandrasc^char 
conform to the stability conditions of the radiative gradient. (Jenerally it 
will be useful to confine ourselves to those oases for which (r, a) curves have 
been obtained by Ghandrasekhar. It will be necessary to introduce a new 
variable and connect it with the old ones. 

(i) For y-models defined by 


let us put 


L{r) M 
M{r) • L ” ’ 




iireOO 


itMr) 
M{r) • 


(31) 

(32) 
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Then for Kramers’ law 

W 

we obtain from the three above equations 


'-(sx 


where y is defined by 4y » (8—«), and K has the same value as in (6), except 
that we now put a «s 0, ^ » 1 in that formula. Further as 

==- .—A 

we may write (32) as (introducing our previous variable x) 

(33) 

Transforming to ( t , < t ) variables we may also write 

^ »e ^ ss ® ya=:^. .. (33') 

(ii) For the more general (a, hymodel of Chandrasekhar defined by (I) 
and (2), using variables 


where 


p ss pQa, T = Tqt 




.. m 


( VI 
V4iTcGJf/ J 


-[(if) 

r/a / ^i?oL 
L\ 3 ' * / K^eaMj] 


(36) 


we obtain after some calculation 

In our subsequent calculatiom we shall put 6 » 1 (corresponding to cases tn- 
tegraied by Chandrasekhar), We then obtain (for 6 « 1 ) 

+ y-T. a:»T-*>’ .. .. (38) 

X T* 

where now 

ot+1 =5 p, 4y » 8— /f+3flt. 

It has been shown elsewhere (Sen, 1941) that the radiative gradient is stahky 
or unstable and is to be replaced by an adiabaiic gradient according as the 
esg!fression 
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negative or positive. Or simplifying, we eonolude the gradient is radiative 
or adiabatic, according as 


8(4 +y) 

>%8+40y+3- 


(37) 


Wo shall make use of the eouditions (33), (36) and (37) to examine if the density 
temperature curves of (!;!handras(>khar*s stellar models conform to the above 
condition of stable radiative gradient. Chandiasekhar’s curves, it should 
be noted, have all been drawn on the assumption that the temperature gradient 
is radiative. 


0 (y-MO»EL, a 0). 


From (37) and (33') it is evident that /or all members of the y -model if we 


put 

p 8(4 - fy) 

a; 5y*-h40y-h32 


(38) 


the gradient is radiative when F <0 and adiabatic if F> 0. We shall honcuforth 
always consider the curve F = 0 both in {x, y) and (t, a) -planes. We are 
interested only in the first quadrants of these pianos. F{x, y) = 0 passes 
through the origin, and has y ^ x m its tangent there. We further note 
that as x-^ 00 , F{x, y) «() asymptotically approaches the parabola 


8 

2/2 (x-^OO) 

Again on F(x, y) = 0 wo have from (38) 

A I 5y«+4f)y+128 yy 
^ 5y2+40y+32 Jdx ' 


.. (39) 


.. (40) 


so that y is monotone increasing. For points in the area lying between F(x, y) 
as 0 and x-axis, F<0, and the stable gradient there must be radiative, whereas 
at every point above the curve Fss 0 the stable gradient should be adiabatic. 
These results in (x, y) -plane are true for all members of the y- model, but as 
soon os we go to the (t, a)-plane it becomes necessary to difforoutiate between 
cases for different values of y. Lot us first take the special case y =« 1. For 
this value of y 

^ 3 y _ 1 ^ 

dx 4x ixldr* 


For X 5 ^ 0 and at the point where da/dr wa 0 , 

dx 4x' 


(41) 


Hence, if there be an extremum value of a on J a=a 0 in (r, <r)-plano (we shall 
presently show it is a maximum), the slope at the corresponding point of 
F(x, y) « 0 In the (x, y)-plane is given by (41). 
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Substituting (41) in (40), we note that a?{ 5 i£ 0 ) goes out of the equation 
altogether, and hence at the extremum on F{t, a) =« 0 the value of the ratio 
of the pressures is given by the equation 

5^«+30y+96y-64 0 (42) 

This equation has only one positive root, namely =» 0-599. There 
is thus only one extremum value of a on F{r, a) sc 0. Now a: ssc 0, y s® 0 
corresponds to a » 0, r « co, and the tangent y » a: to orr =; 1 . Thus in the 
(r, cr)-plane JP' =* 0 is asymptotic to or =» 1 for r oo (which is also true of 
all solution curves in the (r, «r)-plane). 

Further, the asymptotic parabola (39) corresponds to 



on (t, a)-plane (in the first quadrant). Hence the slope of F(r, a) a= 0 at 
origin is given by {39a). It is thus evident that F(t, a) ^ 0 has only one 
maximum in (r, a) -piano. 

Substituting yo in iP ss 0 in (38) we find the correspariding value of a;, 
namely X(^ « 0-858. Then by substituting in cr =a= r"*, and y «== a/r®, we 
find Ouitix «= 0-628, and the corresponding T((7rtiax) =* 1*039. 

The curve JP(t, a) =s 0 divides the (t, a)-plane (first quadrant) into 
two parts such that at all (t, a) points lying between the curve F =« 0 and the 
T-axis, the radiative gradient is stable, and at all points lying above this curve 
the radiative gradient is unstable and under suitable conditions can be re- 
placed by a stable adiabatic gradient. Hence, our above analysis shows that 
for the y-model with y « 1, any configuration with a density value making 
a >0*628 will be radiatively unstable. If we take the integral curves (for 
y 3» 1) of Chandrasekhar in (t, a)-plane, and plot also the curve F(r, cr) « 0 
in the same plane, then only those integral curves or parts of curves which 
lie below F s= 0 will represent radiatively stable configurations. For instance 
we find the standard solution of Chandrasekhar (for y = 1) as entirely radia- 
tively unstable. Of the i solutions only the lower parts of the steep branch 
are radiatively stable. The case of the standard solution for y = 1 can be 
roughly seen as follows. The standard solution o \/ 2t(t 0) leaves the 
origin at a slope \/% while F(t, a) 0 has the slope \/f at the origin. 
As , near the origin the standard solution lies above F » 0. The 

maximum of the standard solution occurs at a « 0*843 which is greater than 

*** 0*628 calculated above. We shall show presently that for all y>0 
the standard solution curves lie above F =» 0 as r oo. This suggests that 
the standard solution for y 1, is probably wholly radiatively unstable. In 
fact the result of actual plotting is shown in fig, 2. The standard solution 
for y aa 1 is thus entirely radiatively unstable. We can now consider the general 
t!a«e of the y-model. We first recapitulate the following results obtained 
from Chandrasekhar’s int^ation of the (r, o) dififerential equation; — 
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(i) For y < 2, 04 r 0, the solutioa curve has the form (ChaadraseUuu*, 

1936) 

•• 

Hence as and y^ajr^ for 0<y<f , (x, y)"-*-co oorrespcmcU to 

(r, a) -► 0, and further for f < y < 2, (x, y) -> oo corresponds to r 0, a -> oo . 

(ii) For every value of y, os r cjo the solution curve has the form 



C T®" 

-*'[1+ + . 

•] •• 

.. (436) 

so that for 

0<v< i. 

or-^QO, as ' 

r QO 



y >i. 

aa 

T — ► 00 



y •» i, 

cr-e- 1, as 

00. 



We can now calculate the position of the curve jP(r, a) « 0 in (t, or)- 
plane. We first note that at the maximum or we must have 


dx 4y 'x 


(41o) 


whence, by substituting in (40) and after subsequent simplification, we obtain 
the following equation for the value of the pressure ratio at the maximum 
a of F(t, cr)-curve in (t, cr)-plane 


5(2y--3)|/»+30(4y-5)3/*+96(4y-6)3(+64(4y-3) » 0. . . (44) 


>9 





vi 

Fm. ia the standard solution ourve fat y and (1) is the ooive F ^6 

separating the r^ons of stable and unstable radiat^w» gradisnts. The lower part has 
been nu^g^ed in % 1(b). 


K. B. sub: OOBTBIBTTTIOB TO THB TBaOBT OT STKtUtt MOBXM. 351 



M nidiativdy tteble only for r values lying between 0 and 0-11 and o values 
betwesB 0 and 0'0137. 

IVom a disouinioa of the roots of this cubic equation we obtain the following 
tesultBi • 

For y >|, or y < {, there are no positive roots; for | < y < | there is 
onIP Otis po^ye root. 
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Hence for every value of y satisfying | < y < | there exists a maximum 
value of Oy say craAaK(y)» s^^Jh that a gas configuration in equilibrium with 
a density- value which makes the corresponding cr > (y) cannot have a 

stable radiative gradient there. 

We can now roughly locate the curve F{ry a) = 0 among the integral 
curves thus. 

For all y-models, such that 0 < y < f , the behaviour of the S solution 
curves as r -> 0, o* 0 is given by (43a) ; whereas (39) shows as r a -> 0 
the F curve in (r, a)-plane has the form 

(t->0) 

Hence as or 0, t -► 0 (close to the boundary), the 8 solution curve is steeper 
than the F curve if 2/(2— y) > f , i.e. if y > }, so that F = 0 lies below the 8 
solution. Hence for y'>\ the radiaiive gradient is unstable near the boundary ; 
for y<lUis stable. 
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For J < y < f wo find that as r oo, both tho 8 solution ourro and the F 
curve (which approachoH ^ = a?) are asymptotics to 

To find the relative positions of the 8 and F curves as r ^ oo we proceed to 
the next higher approximation. We find 

for F curve a t““^) 

for curve a ^ ^(y— 

Hence so long as y > 0, F(t, a) « 0 li(^ below the 8 solution curve tis t oo, 
so that uUimaiely the 8 solutions all lie in the region of unstable radiatim gradient. 

Summing up, for j < y < | the 8 solutions, as r 0, o 0, all run in the 
region of unstable radiative gradient and also lie in the same region as t co . 
For 0 < y < J, the 8 solutions start at t » 0, a = 0 with stable radiative gra* 
dients^ but ultimately as t -> oo run into the region of unstable radiative gra- 
dient, As the figures 1(a) and 1(6) show then, the 8 and F curves in the 
(t, <y)-plane cross only once, so that only a paH of the solution starting from 
the boundary r m: 0 to a maximum r is radiatively stable. Hence, if 0 < y < f , 
there is for a given y, a rm»x(y). such that at all temperatures for which the 
corresponding T>Txatt*{y)» standard solution is radiatively unstable. 
Similarly, there is a minimum plainly )i such that whenever the ratio of the 


(t -► oo) 


(46) 
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pressures y < ymin(y)» the standard solution is radiativdy unstable. In the 
case of y n } equation (44) reduces to (leaving out the root y m 0) 

15y*+120y+384«0 

which has no real positive root. Hence jF(r» cr) m 0 in (r, a) plane has no 
maximum. 

On the standard solution /S for y « | , we find a behaves as 

*■ 

while on F(t, a) w 0 we find after some calculation the behaviour of a to 
bo given by 

— 4tIJ . (t->0) .. (475) 

Further, as r cjo 

I— T**, ^ • ** '• (47c) 

Thus at both ends . The iSf solution curve f or y J (as is found by 

actual plotting of curves) lies indeed entirely above JP(t, 0) »» 0, and so the 
radiative gradient must be unstable dll throughout for y » } . 

The F and S curves have been actually plotted and three oases are shown 
in 0g8. 1(a), 2 and 3 for y » J, y =s 1 and y « respectively. The crossing 
of the two curves for y 3= J is shown in flg. 1(6) drawn in a magnified scale. 
1(a) and 2 are typical of the cases 0 < y < j and f < y < f respectively. 

Our result for the y-model can be summarised thus. For 0 < y < f only 
a part of the standard solution from, the boundary up to a definite minimum value 
of the ratio of gas to radiation pressure {to a maximum value of r) depending on 
y is radialively stable; hence such a configuration is wholly radiatively sidbie 
only if this pressure ratio at the centre doe^ not fall below a minimum critioal 
value (a^d the central r value does not exceed a critical maximum value) ; in the 
oonfrari^ case the configuration is radiatively unstable, the unstable region being 
an infernal one involving the cenfre. For f < y < |, f6e standard solution is 
STUirely radiatively unstable. 

By examining the position of the F curve among I solutions it becomes 
apparent that fAe lower portions of I solutions which fall steeply must be aU 
radiatively sUdble, There exists a criHcal minimum pressure rat^ in ihis case 
also. 

This result clearly points to the necessity of sometimes induMng a central 
convection sone (unfA adiabatic gradient) in the construction of efeKor models* 

7, («, 

The analysis of the two previous sections discusses the stability of radio- 
tive equilibrium of a typical stellar model (y-model} discussed by Chandra- 
sekhar. We shall now very bnefly describe the general charaotes^ktics of tim 
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more general (a, 8)*model in respect of the stability of the radiative transfer 
of energy. 

We define in this oonneotion a function Fi 


Ft 


y (6y^4-40y+32) 
8(4+y) 


.. (48) 


where x, y and v are given by (36) (v may bo taken positive). We can show 
that for given {x, y) values the stable gradient is radiative or adiabatic according 
as 

Fi^O (49) 

The curve jPi(», y) 23 s 0 divides the (first quadrant of) (a;, y)-plane into two 
regions of which the lower one between Fj = 0 and x-axis represents the region 
of stable radiative gradient, while the upper one corresponds to the region of 
stable adiabatic gradient. 

The gradient of Fj(a?, ly) » 0 is given by 

^ ^ 6 yg+40y+I28 | ^ 1 

da:|^“^(4+V)(5y*+40t/+32)( i I ^ 


so that (v being positive) y is monotone hnn’easing with x. From (36) we 
obtain whan da/dr ss 0 

dx 4y 'x * 

Substituting this value of dy/dx in (60), we obtain the value of y at that point 
of Fi(r, <r) «w 0 where <r has an extreme value. Proceeding as before, w© find 
this value of y to be given by 

5(ii_3)2^8+60(d«-2)y* + 192(d-2)y+128d==0 .. .. (51) 

where d ==5 4y-'3v, 

y and V being now given by (36). 

A simple discussion shows that when 0 < d < 3 equation (61) has only one 
positive root, and for d > 3 or d < 0, (61) has no positive root. Hence for 
0 < 4y— Bv < 3, i.e. when 3-f-« < 8 < 6+^, the equation Fi(r, cr) «= 0 on (r, a) 
plane has only one maximum, say cr oiax, and for any a>u,nax» the corre- 
sponding radiative gradient cannot be stable. When Fj « 0 has the 

asymptotic form 

X aa yy, . . (62a) 

and for y large, Fj *» 0 has the form 



( 526 ) 
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Near the origin of (t, a)-plano, we have the following approximate forms of 
Fi aa 0, and of the standard solution S 


f'l- 

1 4y 

/gy+i 

^-[ 5 ) ^ 

. . 

.. (62o) 

S: 

1 

( V+I 

4v 

.. (62d) 


Hence the standard solution S lies below Fi curve if 

F+1 ^8 

v+l-Y 5 


i.e. 


y< |(»'+i) 


which by (36) is equivalent to 


8 < 3+s— ^ a. 


(53) 


Thtis, when (53) is satisfied the standard solution S runs in the region of stable 
radiative gradient near r =« 0; for the opposite inequality it is in the region 
of unstable radiative gradient. In every case the a) curve has a 

maximum, the standard solution has unstable radiative gradient near the 
boundary. 

We shall now find the position of 0 i.e. while (y >0). 

In this region we find the following asymptotic forms for Fi and S: 


F, 


8 : 






(64a) 


(646) 


Hence for 4y *■ 8— fl+3a>0 (v being supposed positive) the standard solution 
is ultimately (i.e. as t -> oo) in the region of unstable radiative gradient. 

3ot 

For 8— >3, the configuration given by the standard solution is rodia* 

lively unstable ; for — -g- <8— « + — <3, tiie configuration given by the standard 

solution has stable radiative gradient up to a minimum value of the. ratio of gas to 
radiation pressure. It is evident that for a >2 radiative stability is not possible 
if only 8 >/r, which will be satisfied for energy gemraUon law wiih even quite 
small power of temperature. 

The I solutions, as before, will be all radiatively stable along lower parts 
of their vertical downward course, there being a critical minimum pressure 
ratio in this cose also. 
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Appendix* 

To bring the analysis in a line with our previous work (Son, 1942) on the 
behaviour of the solutions of stellar equations near the l>oundary of the con- 
figurations, we introduce the notations usiud elsewhere, which are different from 
those used in the present paper. The Appendix forme a section by itself, and its 
equations, unless expressly stated, should not be compared with those of this 
paper. 

We take a more general case, and suppose the opacity and energy genera- 
tion to be given by the following laws : 

K = (a) 

•• •• 

Consider equations (3), (4) of section 2, and 

and substitute in these equations 

JPf «“ (i>r)o?# T =a Tor, p « M ^ M^my 

where po, are respectively the central density and temperature. Then we 
can replace the above equations by the following set of equations among 
dimensionlesB quantities, 

dp+<x;dq - , (c) 

dg im ^dx .. .. (d) 

dm « crsr® dac (c) 

where the scale constants are connected by the equations 

gO-Qt-l. 1 

M ism Attv PO fp 8-- b Af tmr } 

Jfo-Wpo, To .Mo^l 




Now put 


, wocp+oc'f, a+a«d, 3— «— 0 — 4/ 
ssdt 


a in thU fomtula need not be confused with a in the expression for k in (a|. 
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Then we r^laoe (c), {d), (e) by 


I 


to which we add as 

(ir) 

Equations (i)-(iv) show that as t decreases $ also decreases, and if as ^-^0, 
I also tends to a finite limit then m also tends to a finite limit (which 
in astrophysically significant solutions we take to be greater than zero), aiid 
then n also decreases to a finite limit wq. 

Since the right-hand sides of (i), (ii), (iii) and (iv) do not involve <, the solu*- 
tioufl of the equations will not depend on the initial value of t. We shall tedce 
^ as 0 to correspond to the boundary surface. Let us investigate the behaviour 
of a solution for which m -> w»o > 0, as t ->0. At the bouiuiary of the configura- 
tion we take r =» 0 and a =« 0, so that «■ = 0. Hence by (i) 

TT pfn>Qt . 0) , . , , , » (A) 

Let us try the solution 

q » At^ * (n > 0) 0) , . (<) 

Then (ii) gives 

This will be generally satisfied if g be a small quantity of higher order than p, 
and hence 

n-l-df+n/, 

which give 

I 

W V-/'/r'V^V 

Since n > 0, we must have 


/rf+1 I > 


Equation (iv) gives 


whence integrating 

•• •• 

Since the right-hand side of (iv) is a~i, d(/dt -> «» os < -*• 0. Henoe 




i.e. d+if<9. 
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Nov the assumption that q is of higher order than p implies » > 1, i.e. 

i.e. d4-/>0 


Now suppose, if possible, (q ae 0. Then we get from (iii) 

-T-^oonst. t (/-^O) 

of 

so tliat 

m ^ iwa— “C onst, t .. 


{t^Q) 


m ^ Wo-“0onst. t 




But on account of (v) and (vii), (1) contradicts the assumption m-^mo as <*>0. 
Hence {q 0. We have then the solution 

m (<^0) 
and 

p = /Jmo« . ff ~ i ~ 


with the value of A in (j). Hence 


/Swo* fl^ + 1 


so that 


r^Q “ 


These solutions are valid when 

/<1 , d+/>0, and d+4/<3 

of which the second and the third relations together imply the first. The form 
(w) shows that it is Chandrasekhar’s 8 solution. Replacing d, / by a, 8, etc., 
tm conclude that the 8 aoluiiona correapond to finite configurations provided 

3(a-fa)>b— 8, andS— 6<3 (vi, vii) 

In case of y-models, we put a s» 0, a » 1, 4y fi= 8— 8+3, The above con- 
ditions show that for y-models the 8 configuration is finite when y lies between 
0 and f . In case of y » 0, it can be easily shown that p and q are both of the 
first oi^er in t; then an 8 solution corresponding to finite configuration can be 
constructed. Hence for y-modefa M 8 mhdiona give finite configtmUiom ao 
long aaQ <y < 

It oan be shown that the behaviour of 1 solutions as<r->0, is 

given by 

p ^ f q 5 ^) +iS , I Dfi , m ^ (i -> 0) (n) 

where A, St C, D are the constants 

It ihotdd be noted that f now reprenents the reciprocal of the radial distance. 


f ~ Dtt , m — Of't 0) (b) 
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We can further show easily that there are no solutions which correspond 
to finite configurations with non-zero temperature at the boundary. Further 
calculations her© are suppressed. 
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FERMI-DIRAC AND BOSE EINSTEIN GAS IN A 
GRAVITATIONAL FIELD. 

By Bbij Nath and P. L. BHATNAaAB, University of Delhi. 

(Coimnuuicated by Dr. D. S. Kothari.) 

(Received June 16, 1942 ; Read Odober 6, 1942,) 

Abstkaot. 

The dtatribuHon with height of pressure and concentration for a Fermi-Dirac and a 
Bose-Binstein gas subject to a uniform gravitational field is considered. The non- 
relativistic non-degenerate and degenerate, and the relativistic non -degenerate and 
degenerate cases are discussed. Because of its connection with radiation, the relativistic 
case of Bose-Kinstein statistics is particularly interesting. 

§1. In a rocont paper (Kothari and Auluck, 1942) tlie problem of denaity 
diBtribution for a Fermi -Dirac and a Boee-EinBtejn gas, both for the rolativistio 
and nan- relativistic cases, in the presence of a uniform field of force has been 
discussed. The force on a particle of the gas due to the field ie assumed to be 
independent of the energy of the particle. This assumption, however, is in 
general untenable when the field of force is due to gravitation, for in this case 
the force on a particle is proportional to its mass and this depends upon the 
energy of the particle in accordance with relativity. If e be the kinetic 
energy of a particle whose rest mass is m, then the force on the particle due to 

a gravitational field of intensity g wiD be (c+mc*) ^ (where c is the velocity of 

light), and this in thi? relativistic case, when the kinetic energy is very large 

compared to the rest mass energy, becomes ^ . In the present paper we 

Bhall treat the problem of the distribution of pressure and concentration for a 
Fermi-Dirac and a Bose-Einstein gas subject to a gravitational field, taking 
into account the effect of relativistic mechanics. As usual, we shall consider 
four limiting oases, viz. non-relativistic non-degeneracy and degeneracy, and 
relativistic non-degeneracy and degeneracy. 

§2, us consider an ideal Fermi-Dirac or Bose-Einstein gas placed in a 
uniform gravitational field which we assume to be directed along the negative 
direction of the ic-axis and extending from « « 0 to a:: =« co . Then the equation 
of hydrostatic equilibrium is 

dp w ^n (J5+mo*) ^ (1) 

where p is the pressme, R the average kinetic energy per particle and n the 
number of particles per unit volume, all at height x, 

you ». 


[Bubliibed December 7th, 1942. 
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The pressure and {» the Gibb *8 free energy per particle/ are oonneoted 
by the thermodynamic relation 


where T is the temperature. This relation is well known, but for the sake of 
completeness the proof for the relevant special case is indicated below. 

The pressure is given by^ 

00 

Anq r (€»+2«M5*e)* , 

“Hi — ’ •• ■■ 

i e *r 

and hence 

CO f i 

/dp\ _ Anq r (k («*+2wc*€)^e 
\dl)r^S(^h^ ibT 

0 +pj 

where q is the weight factor of the particle and k and h have their usual 
meanings. For classical statistics we have jS » 0, for Bose- Einstein statistics 
^ 3» —1 and for Fermi-Dirac statistics aas +1. Integrating (3) by parts we 
obtain 


/9p\ 4tfrq r (€®+2mc*€)^ (e+inc*) 


Substituting (4) in (1) we have 



We shall now proceed to discuss separately the non-relativistic 0 ^ 

and relativistic -*■ oases. Considw first the non-relativistic case. 
We have from (6) 

{-{■I - OTP*, • ( 6 ) 

where a bar ovor a quantity daxotes its value at the level tr m 0. 


* The exprasiiona for p, { , eto., quoted here will be feuiul ooUeoted in a piqier by 
KothnrUnd Singh (1941). 




where ♦ 


BOSB-mKSTKtIK GAS IK A GKAVITATIOKAL FIBLU. 

Substituting for { the expression 

C « kT [tog /to+2/JMo- 1 Mo+ . • . ] . 
nh^ 


36 » 


01768 


q { 27 rmkT)^ 

1 

' 

2» 

3! 4« 

we ha.ve [retaijiiiig terms up to the first order in 


^0 

^5* 


^ 0*00330 , 


(log — (log ®“ ■" 


mgx 

W ' 


( 7 ) 


Hjod henoe 


log 


^0 


- log r = - ^ + 2i36j i„ (l-e’*"o) , 


or 


n S5B n |l+2j362^0 fi *o^|e *0 , 


( 8 ) 


where stq is a quantity of the dimension of length defined by 

kT 




mg 


Equation (8) shows that for a givm n, the decrease of concentration with 
height is smaUer for a Fermi-Dirac gas than what it would be for a classical 
gas 55X 0 ). In the Bose- Einstein case the decrease is greater than the classical 
value. These results ani what would be expected from the physical proj^erties 
of the Fermi-Dtrac and Boso-Einstein statistics. 

Let N denote the total number of particles in a cylinder of unit cross* 
section and extending from a: « 0 to a? = 00 , then we have 




00 

1 




or 


N . 


ft B “ (1 Jo) . . . 
*0 


(») 


Sabstituting (9) in (8) we obtain 

tt B ^ 1 1 +/56* Jo (l~2e‘’^) j e"^ 


0 , 


♦ .Ao < < 1 for noa*degener»cy. 


.. ( 10 ) 
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Thus we see that /or a given N, the total number of particles, and for any 
height a? < a;o log 2, the concentration n in the Fermi-Dirac case is less than, 
and in the Bose-Einstein case more than, what it would be for the olaesioal 
case (j5 =» 0). At the height x^Xq log 2 the difference between the classical, 
Fermi-Dirac, and Bose-Einstein cases vanishes. For x> xq log 2 the con- 
centration for the Fermi-Dirac statistics is greater and for Bose-Einstein 
statistics less than what it would be for the classical statistics. 

Let US define a quantity D, called for brevity the ‘statistical variation’ 
by the relation 


where n* is the concentration in the classical case (j9 « 0), n, n* both referring 
to the same height x. From (8) and (10) we have 

(а) D mm 2pbf Ao (l — e *o) for fixed n , 

and 

(б) D <■ pb, Ao (l -2e~ for fixed N . 

In the case of fixed n (the concentration at x » 0), D is practically zero for 
X < < xo> Biid increases to a value when x > > Xq. On the other hand 

in the case of a fixed N (total number of particles), D is practically equal to 
— for X < < Xo, vanishes for x » Xo log 2, and for x > > xo approaches 
the value j862j4o. 

§3. We shall now consider the rekUivMtic non-degenerate case. 

In the relativistic case the rest-mass energy of a particle is negligible 
compared to its kinetic energy. Equation (1) therefore becomes 


and as 



we have p p e , 

where for the relativistic case is defined by 





Substituting for p the expression 
- p - nkT [1 +pbi Ao-btAl+ . . . ] , 

SB 


.. (U) 

.. ( 12 ) 
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where * 



6j = — « 0-06260 

bs - ^-p = 0 009066, 


we obtain [up to first powers in A^] 


n 




.. (13) 


Denoting as before by N the total number of particles in a column of unit cross- 
section we have 

Ar-na:o|l+/?68^[, 

and hence 



Equations (J3) and (14), except for numerical ooejfifioients, are similar to the 
corresponding non-relativistic equations (8) and (10), and, therefore, their 
discussion need not be repeated here* We may note that in this case D will 
bo given by 

(а) D *■ /Jb^Ao (l — e ^o) for fixed n , 

and 

(б) 2>-^^(l-2e‘^borfixedi\r. 


It should be particularly noticed that in the relativistic case equation 
(11) for pressure distribution is independent of the statistics obeyed by the 
gas and also of temperature. However, the dependence on statistics (shown 
by the appearance of terms containing as a factor) comes in when we 
oomider the distribution of concentration instead of pressure. In fact equation 
(11) being merely an expression of hydrostatic equilibrium holds not only for 
the non-degenerate case that we are considering but also for degeneracy. In 
the relativistic case, wkatep^r statistics a gas may follmu both jot degemra^ 
and non*degeneraey, the pressure distribution is given by equation (11). In the 
non^relatiyistic case, howevw, the expressions are different for the different 
oasesA 


* do < < l for non-degeneraoy. 
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§4. We shall now consider the degenerate case. In the ncm^relaldvistic 
case, for a particle in a uniform gravitational field the force acting on it, being 
independent of the kinetic; becomes constant, and thus the problem 

is identical with that treated by Kothari and Auluok {loc. cit). We shall, 
therefore, here consider only the case of relativistic degeneracy. Taking first 
the Fermi-Dirao case, and substituting in (11) the expression for preeauro 



where 
we have 


or for r « 0, 


-. 1 * 

n mm ne 


(16) 

.. (H) 


Equation (17) may be compared with the relativistic non-degenerate equation 
(13) which for 0 is 


-A, 

naans (17'j 


The two expressions (17) and (17') diffei’ only by a numerical factor in the 
power of the exponential*. While, therefore, there is no great difference 
between the expressions for concentration distribution for the relativistic 
degeneracy and non-degeneracy, there is a fundamental difference between 
relativistic degenw^acy and non-relativistio degeneracy. In non-relativistic 
degeneracy, as is well known (see Kothari and Auluck, loc. cit.)^ the distribution 
effectively extends from a; *« 0 to a certain height a; ss i. Above x as I the 
number of particles is negligibly small and it vanishes altogether when the 
degeneracy is complete (i.e. T w 0), For compleie degenemcp {T »» 0) n is 
exactly proportional to (!—«)♦ within the interval a; m 0 to a; « 2, where the 
length 2 is given by 



In the relativistic case even for complete degmieracy the distribution is not 
confined within any finite interval but continues to vary exponentially with 
height. 

So far we have considered the relativistic degenerate case of Fermi- 
Dirac statistics. We shall now discuss the Bose-Einstein case. For a Bose- 


^ The definitioiis of in (17) and (17') are dlfierecti. 
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Einstmn gas, the Qibb^s fipee energy is always lees than «ero for non-degeneracy, 
and equal to zero in degeneracy. According to the fundamental equation ( 6 ) 
{ decreases with increasing x, its maximum value oocurring at ar » 0. Hence 
it follows that for a Boae-> Einstein gas the degeneracy can occur only at the level 
X ^0 and above this level the gas must necessarily be non-degeneraie. 

For a degmerato Bose- Einstein gas the pressure is independent of 
concentration and for the relativistic case that we are considering p is given by 


P 


8 tr5 
46(cft)8 


(kT)^ . 


(19) 


As in a degenerate Bose- Einstein gas placed in a field of force degeneracy 
occurs only at the ground level, we have by combining (19) with (11) 


P 


8ir® 

^(cA)8 


(JbD^e 


(20) 


where 



Since black- body radiation constitutes a relativistic degenerate Bose- 
Einstein gas, equation ( 20 ) shows the possibility of the occurrence of non- 
degenerate radiation (at a? 536 0 ) when the gravitational field is extremely large. 
The astrophysioal implications of this result will bo considered elsewhere. 

It is a great pleasure to record our grateful thanks to Dr. D. 8 . Kothari 
for his kind interest in the work. 
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ON THE ELASTIC SCATTERING OF THE FAST MESONS, 

By S. Gtt;pta, Department of Applied Mathematics, University of Calcutta. 
(Communioated by Prof, N. R. Sen, D.Sc., Ph.D., F.N .1,) 
{Received July 2, 1942 ; Rmd Ocioher 5, 1942.) 


Abstbaot, 

The differential oross-gectione of the elastic scattering of mesons with spin one and 
jsero are calculated from Duifin-Kemmer*s )9-formalism by a method which is analogous 
to the elegemt method of Sauter as applied to Dirac’s electron. 


iNTEOnnOTlOK. 

The problem of the elastic scattering of meson with spin one was dihcussed 
by various authors (Laporte, 1938; Massey and Corben, 1939; Majuradar and 
Gupta, 1941) assuming the field theory of meson obeying Proca's equation. 
Recently Dufiin (1938) and Kemmer (1939) derived the equations of particles 
with spin one and zero in a form which is analogous to Dirac’s equation. This 
formtilation of Duffin-Kemmer, as shown by various authors (Booth and 
Wilson, 1940; Wilson, 1940; Christy and Kusaka, 1941) on performing the 
calculations by a method which is somewhat similar to that as applied to 
Dirac’s electron, can be used with more advantage in the problems of the 
interaction between meson and the electromagnetic field than the usual field 
theory. The relativistic theory of the elastic scattering of charged particle 
with spin half was first worked out by Mott (1929) from the Dirac’s theory of 
electron and the calculation was later on much simplified by an elegant method 
by Sauter (1933). In the latter method a Born’s approximation was used 
and the scalar force field through which the colliding particle interacts with the 
nucleus was left as completely general. As this general field was not specialised 
to Coulomb field, until the final stage, it was possible to avoid all convergencfe 
difficulties. The purpose of this note is to calculate the differential cross- 
section of the elastic scattering of meson from the Duffin-Kemmer’s formalism 
by a method which is analogous to the method of Sauter. By this procedure 
we can avoid the use of the method of second quantisation which is usually 
utilised in a similar problem of meson when using the field theory of Proca. 
X^aporte, of course, applied to Proca’s aquation a treatment which is some- 
what similar to Sauter’s one; but his calculations were not so simple. The 
advantage of usii^ the Duffiii-Kemmer’s formalism is that the crosH-sections 
fer partieles with spin one and zero are obtained from a single scheme. 

vm-No, a. 
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Caxottlations. 

Th© meson is defined in the presence of the eleotroinagnetic field by 
Kemmor by the equation 



W'C 

where /c » -x- , i »?4 ** ict^ together with the following commutation rules for 
It 

the Duffin^s jS-matrioes 

^Ap +^P*»(» (2) 

The wave function 0 satisfies the Initial condition 

''' (*-1-2,3). .. (3) 


The second order wave equation, which is satisfied by each component of 
is given by 


( 4 : “ S )( 4: “ £ ^ A) 

To be definite we shall consider in our subsequent discussion the case of 
positive meson, but our final result will also be valid for negative meson. 
In the absence of the magnetic field and for any arbitrary scalar potential 
function F, the equation (4) assumes the form 


{v+(^) 




■i-. (V) wM*- 


or 






, JL-i 

me* dx, 


(v+g)«. 

In this equation we regard V as a perturbing potential and assume 4 i>o lx* 
of the form 

•• •• .. (6) 

where ^ represents the wave iiinotion of the free meson and has the form 


•h “ «*(*)• 


(K) 


( 7 ) 


* * 


s * 



S. OFJfTA : ON THB HLA8TIC SOATTBRINO OF THB FAST HB80N8. 371 


and further from (I) and (3) we have 

{ -J5/84 + »c{pj8)+>»c*} M+(P) = 0 , 
with the equation of condition 


-(p/})}^;«+(p). .. 


From (5) and (6) ono then obtains tlie recurrence formula for as 
, 1 f2£;F 


(V + S) *■ = 4 - R «-w.. *- 

In this as we are interested only on the first order approximation, 
the last term on the right hand side of (6) may be neglected at large distances 
R from the scattering centre, and the equation for tf/i then becomes 

The solution of this equation is well known and has the form 


. f l“-'l 
« - r 

( 2 EV 

IB-ti L 

i he. ' 


, n d 


+mc^. 




where B ( « f i, is the space- vector of the reference point at which 

is to be calculated, and r ( « a;j, aij, 0^3) is the integration point. The sign 
of the power of e is so chosen tliat (12) represents an outgoing spherical wave 
at a groat distance from the scattering centre. 

We integrate (12) by parts and neglect the surface integrals, and since 

and 0^ is a function of t only, we have 
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To detenaine the soattering probability w© are mainly oonoemed with the 
behaviour of this function at great distanoen from the scattering centre. We 
then have 

f 7*8 2 ^ ^ 

jR— rl » K J 1 — j = (nr), approximately, 

where H denotes the unit vector in the direction of R, that is in the direction 


of observation ; further we introduce the unit vector e > 


in the primary 


direction of the meson. Hence for large R we have approximately by (7) 


/(^) ^0- 


• dr sss w+(P) 


h’- 


f {|R-r|+(er)} 


^ (e-n,r) 


^ 1 e 

4tirfic M 




+ ^/54(^n)^t}].«+(p)e 


^(e-ii,r) 


Again integrating by parts and neglecting the surface int<igrals, we get 


n-») + ^ (fi, n-e) ^ 


(®-n,r) 


■ ^/54(/to)(/S,n~e)].«+(p) V 


On the application of the equation of condition (9), (16) then assumes the form 


«,!; + icp (ft 

. *1?. (4, ii-«) (4e) (S; + ’^ (J, B-.)^ - ^ (4ii) (4. B-e) ] 


47rS*c® S 


JL 

X «+(P) Fe* 


^ r) 


.. ( 17 ) 
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The complex conjugate expression is 


- CSS3 T- ■ [- 

- ® (ft "-•) - ^ ^ w. »-•) (w 


^{e-n.r) 


.. (17') 


The intensity of the scattered meson* that is* the number of secondary 
meson that crosses in the direction n per unit area at a distance M from the 
scattering centre, is given by the relation 

1 (18) 

and by (17) and (17') we get 




a-e)+(^. n-e)(|Bn)^*(^e)*|])8*«+(p) 


(e-n,r) i* 


. (19) 


When yj’s are lO-rowed matrices the meson has spin one and for a given p it 
has three polarisation states. Hence we shall have to average over the three 
directions of polarisation in the unperturbed state. To perform this we sum 
over the three directions of polarisation and divide by 3. The detail method 
of this calculation and of subsequent evaluation of spurs are given by Bootli 
and Wilson, After performing the above opf>rations we get for meson of spiji 
one 

' ^ 

" |i{(W4()ta)(A n-®)+()8, ii-e){/to)^ 4 (/te)* j] 


x/54{«w*+^{#e)*+i?/9«}l)Fe 

When jS‘8 are S-rowed matrices the meson has spin zero and it has only one 
polarisation, fIz. in the direction of motion. The equation (20) is valid even 
in this case with the omission of the factor ) which arises because of 
the aTeraging over the three polarisations. 
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After evaluating the spurn, we have, for meson of spin one 


t; 


(2ir»8c«)* L 6w 

and for meson of spin zero 




?(•-».») I* 


V 


=*)*■ 11^ 


^(e-n.r) I* 


IJ'" *"1 

Let UH now denote the angle between n and 6 by 9 and since 
E w ymc*, p tst ymv^ y « ““^1 » 

the differential cross-section of our scattering process within a solid angle 
dQ is given for meson of spin one by 

and for meson of spin zero by 

aoir • 

*1“ <»*> 

2igi 

For a pure Coulomb field, F = ~ , and we have 


jj 


^ (• 4irge*ft* irtteW 

P*|e-n|* 


Then (22a) reduces to 

V**“ 2 


tuid (22b) to 


(§S^) •' 


The result (23a) agrees with the expressions obtained by Laporte, Masa^ 
and Oorben, and Majumdar and Qupta; and (236) is the wellolmoiwn result as 
obtained from Klein*Gordon equation. 
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PRESSURE IONISATION AND MAXIMUM RADIUS 
FOR A COLD BODY. 

By P. L. Bhatoagak and D. 8. Kothari, University of Delhi. 
(Received June 5, 1942 ; Read October 5, 1942.) 


Abstract. 

The degree of ionisation in degenerate matter depends essentially on the presam-e or 
density of the material. The results on ionisation of hoavy ions (produced in Uranrnm 
fission) can be readily utilised to determine the degree of ionisation in degenerate matter. 
This is done in §1 of the present paper. The results of§l are applied in §2 to determine 
the mass-radius relation for cold stellar bodies. 


§ 1. In the oaso of cold ♦ matter the proBSure of the degenerate electron 
gas is given by the relation 

p 8W A ^ , 

fl* 

snh*/ 3 \l r 

“ 16 »w \»mng) J 

where k is called the degenerate gas constant, p is the density of the material, 
and fi the mean molecular weight per free electron, m represents the mass of 
electron and that of proton, and h is the Planck *8 constant. 

The mean molecular weight per free electron is the measure of the degree 
of ionisation of the material : the free electron concentration n being given by 


n as 


P 


.. ( 2 ) 


If the cold body be supposed to consist of material of atomic weight A 
and atomic number Z, then, for complete ionisation of the material into fro(» 

A 

electrons and bare nucleii, ft will be equal (except for hydrogen when 

it is equal to 1). If the ionisation be incomplete so that there are only r free 
electrons per atom, then 

A 

The dependence of ft on the density of the material has been worked 
out previously (Kothari, 1936, 1938) though the theory is admittably crude 
being based on several simplifying assumptions. 


* Matter will foe referred to aa oold when any free electrons preaent in it constitute a 
degenerate gae. 
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Following the recent discovery of Uranium fission, the problem of the 
energy loss of heavy ions and their degree of ionisation has (following Bohr, 
1941) received considerable attcmtion. The degree of ionisation or the average 
charge of a heavy ion depends primarily on its velocity F ; in fact the velocity 
Vf, of the outermost electron in the ion is (almost) equal to the velocity V of the 
ion. The results on the ionfsation of heavy ions can be readily applied to 
estimate the degree of ionisation in degenerate matter. In the case of ions 
produced by fission the velocity of the ion is very high compared to the thermal 
velocity of the molecules of the atmosphere surrounding the ion. It is just the 
reverse in the case of degenerate matter where, btjcause of its larger mass, the 
ionic velocity is negligible compared to the velocity of the surrounding free 
electrons, and the maximum relative velocity of the ion with resj)ect to the 
free electrons will be the maximum electron-velocity for Fermi-distribution, 



The degree of ionisation of the material will be such that the velocity V 
given by (3) equals the velocity Vg of the outermost bound -electron in the ion. 

Knipp and Teller (1941) have calculated on the Thomas-Fermi model the 
velocity of the most loosely bound electron for different values of the ionic 

T 

charge.* The first column in the following table gives g , and the corre- 


sponding values of 


/j^\ 
V2ire»ZV ’ 


taken from Knipp and Teller, are given in the 


second column. The other columns in the tabic give ^ , density and 

pressure of the material. The density is determined as follows: — 

Assuming F « F«, we have from (3) 


P 




where a m®, 

and hence p is found by using the values given in columns (1) and (2) of the 
table. The relation between pressure, density, and is expressed by (1). 


* The ojcpreeeion for prewniredonisation given by Kothsd (Kotharl, 19SQ, 1938) is 
based odr the assumption of a unifonn ekotron-disWibution within the atoznie eelL 
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The values of fi, demifcy, and pressure given in the table refer to the cose of 
iron (Z am 26). 


Tablb: I. 


r 1 

hVe 


A ^ &5 S; Z ^ 

26 

Z 


f* \ 

p (gm./cm.») 

p (dyne/cin.2) 

O'Ol 

1 o-n 

215 1 

73-3 

1*66x10^2 

0-02 

oie 

107 

92-9 

7-78xlO»“ 

0*06 

0-21 

42-9 

102 

4-18X101* 

010 

0-28 

21-5 

121 

1-77x101* 

0121 

0-296 

17-7 

117 

6-66 Xl0»* 

0223 

^ 0-411 

9-63 

171 

l-20xl0J» 

0-522 

0-75 

411 

445 

2-43xl0»» 

0-761 

M9 

2-82 

1-22 X X0» 

2-44 X 10” 

0*949 

j 2-29 

2‘26 

6-»7 X 10» 

6-46x10” 


When the ionisation has proceeded to the stage r » Z— 1, then the orbital 
velocity of the last bound electron will be 


2ne^Z 

and hence if the ionic velocity exceeds the above value the atom will be com- 
pletely ionised. It follows, therefore, that for complete ionisation of the 
material 

h /3n\i ^ 2irc*Z 
h 

04 w 

or p^Y pi • 

Substituting uumerioal values and taking the case of iron 2-147^, 

for complete ionisation the density must exceed 

l‘43xl0* gm./cm.» 

In fig. 1 the oontlnuotiB curve represents log^^p against log^^#* and the 
Ittdde^ marked on the curve denotes the corresponding values of ft. The 
dotted curve depicts the results previously obtained by Kothari (1938) and are 

"■ 4 ■ 
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Fio. 1. The figure nhowa the relation between pressure and density of the material 
which for numerical evaluation is assumed to be iron. The continuous curve 
exhibits the reauItH of the present paper. The dotted curve, based on Kothari’s 
earlier calculations, ia insertfKl for comparison. A ladder of p values has been 
marked along the curves. 

The straight line in the figure would ro|>ros 0 ut the prossure-density relation if 


the ionisation did not vary with deiisity but was 


complete ^ A* 


at all densities. 


baaed, as already remarked, on a uniform electronic diatribution within the 
atomic cell. According to Kothari fi ia given by 


A 


where 


[-m'r 

ii 


, 2fr' 


} 

‘ W 


(5) 


The valuea of /a, p, and p given in Table II and the dotted curve in fig. 1 
are obtained by using this expression for p in (1). As is to be expected the 
continuous and the dotted curves are in peasonablo agreemeint. 

The straight line in figure I represmits against logj^p when p is 

A 

assumed to be constant and equal to g . The straight lino, therefore, represents 

the relation between p and p when we ignore the phenomenon of pressure* 
ionisation whereas the curves take account of it. 


4 ® 
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TXBhE II. 


^ 26 


M 

p {gm./om.») 

p (dyiio/cra.“) 

250 

63*0 

9*96x1011 

40 

64*2 

3*52 X lOis 

30 

66*1 

3*60x1013 

20 

67*6 

7*53x1013 

15 

70*7 

i 

1*31 X 10>^ 

10 

79*8 

3-15x101* 

6 

114 

1-06x10“ 

5 

146 

2-78x10“ 

3 

805 

Ml Xl0“ 

2*147 

00 

cX) 


§ 2. W© shall now apply the above results to determine the maximum 
raditxs for a cold body. 

In case of a stellar body compoaiHl of degenerate matter we have to deal 
with two opposing tendonoies: (i) the mutual gravitational forces tending to 
diminish the radius, and (ii) the pressure of the degenerate electron gas (varying 
roughly as the square of the concentration) tending to inflate the configuration. 
For a spherical aggr^ato composed of dogonerato matter the mass M and the 
radius jB are connected by the well-known relation due to Milne (1932), 




i/®\i 

u; 


( 6 ) 


whore 


2MG'©i 


1932X 10“ cm.. 


wj (« 182’ 39) is a constant oharatstoristic of tho Eraden-solution of Emdon’s 
equation of index 3/2, 0 is the constant of gravitation, and © is the mass of 
the earth, ft is assumed to be constant throughout the configuration but its 
dependence on M can be determined as follows:— 

The mean density of the configuration is 

M .7. 

" 4 * 4»r®/» ■ 

For a given value of the density we can find from Table I the corresponding 
v^tie of /A, and hence the value of M is obtained from (7). Using this value 
of Jjf in (6) we find the corresponding value of S. 
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Fia« 2. Tho ^gure shows the theoretical mass-radius relation for a cold body. The 
material is assumed to be iron. The straight line depicts (Af-J?) relation on the 
erroneous assumption that the material is always completely ionised. The curve 
takes account of the depondonoe of ionisation on density (or mass) in accordance with 
the theory of pressure ionisation discussed in the text. 


Moon 

J Jupiter 

E^ as Oa Eridani B. 

My » Mercury 

S =c Saturn 

8^ laa Siriua B, 

V « Venus 

XJ Mr Uranus 

K^ m A.C. 70'’8247. 

B s* Earth 

N s» Keptuno 

a# Van Maonen’s Star. 

M Mars 

P Pluto 


Fig. 2 exhibits the results of our oaioulations (the material is assumed to 
be iron). The observed (Jlf, B) values for planets and white dwarf stars are 
shown in the figure and, as has been noticed before (Kothari (1938)), the run 
of the theoretical curve follows the trend of the observed values : — ^th© maximum 
radius predicted by the theory is about one- third that of Jupiter.* 

Bbfbebncbb. 

Bohr, N. (1941). Velocity-rango relation for esslon fragments. Pkys, jRsv., 59, 270*75. 
Knipp, J. and Teller, E. (1941). On the energy loss of heavy ions. PAys. Bee., 59, 
659-09. 

Kothari, D. B. (1086). Internal constitution of the planets. Mon. Not. B. A$iro. Soo,, 
96, 833-43. 

Kothari, D . 8 . ( 1 938) . Theory of pressure ionisation and its applications. Froc, Boy. ^oc., 
165, 486-500. 

Milne, B. A. (1932). The problem of Stellar Structure. Afon. Not, It, Astro, Boc., 92, 
611-43. 

* In the oaioulations given here the material has been assumed to be iron. On the 
hypothesis of hyiirogan abundance the predicted maximum value for the radios of a cold 
body comes out to be somewhat larger than Jupiter (Kotliari 1938). 


PHOTOCHEMICAL ANALYSIS. 


By G. GopaI/A Rao and P. T. Ramacharltt, Physico-Chemical Laboratories^ 
Andhra University^ Waltair. 

(Communicated by Dr. N. R. Dhar, F.N.I., I.E.S.) 

(Received April 24, 1942 ; Read October 5, 1942.) 

It is well known that many chemical reactions are prompted by exposure 
to light of suitable wavelength. It therefore appeared to the authors that some 
of these photochemical reactions could bo used as the basis of some interesting 
quantitative estimations, while still otliers might be used for qualitative 
detection. 

The reaction wliich we have selected for experimental study is the photo- 
chemical reaction between mercuric chloride and sodium oxalate. It is our 
desire to make this reaction the basis for the volumetric estimation of mercuric 
chloride. Mercuric chloride cannot bo titrated with standard thiocyanate 
solution by the Volhard’s method. This method is very convenient for the 
estimation of mercuric nitrate solutions, but oven here chlorides and bromides 
interfere. The estimation of morouric chloride is of importance especially in 
connection with pharmaceutical preparations. Many analysts have applied 
themselves to this problem. Rupp (1906) and Rupp and Mtiller (1925) reduced 
mercuric chloride by formaldehyde in alkaline medium and determined the 
liberated mercury by the iodine thiosulphate titration. This method was 
employed by those workers for the estimation of coiTosive sublimate in pharma- 
ceutical preparations. This method has not been found altogether satisfactory 
and recourse was made to other reducing agents. Hillebrand and Lundell 
(1929) recommended reduction with phosphorous acid in hydrochloric acid 
solution and gravimetric estimation of the precipitated mercurous chloride 
after filtration and washing through Gooch crucible and drying at 100-105®C. 
This method has two drawbacks: (1) the reduction is slow and hence the 
solutiem must be allowed to stand for twelve hours or more before filtering; 
(2) mercurous chloride is appreciably soluble in water, especially in water 
containing chloride ions, giving too low results. Winkler (1924) and Moser 
and Niessner (1928) have investigated a method involving the reduction of 
merourio salts to mercury by hypophosphorous acid in acid solution. Robinson 
(1929) studied the same methcKl for the estimation of smaller quantities of 
mercury. We do not propose to discuss the numerous publications on the 
subject for the sake of brevity. It may, however, be said here that the several 
methods proposed till now are not satisfactory either on account of (1) lack 
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of sufficient accuracy, or (2) cumbrouaness involving considerable time, filtra- 
tion, etc., or (3) involving costly reagents. 

Mercuric chloride and nodium oxalate do not interact in the dark at the 
ordinary teraparaturea. According to Dhar (1917) the dark reaction even 
at 80^^ is extremely slow. The light sonsitiveness of this reaction was dis- 
covered by Flanche (1815) and was utilised by Beoquerel and Fremy (1868) 
and Eder (1879) for measuring the intensity of light. The photochemical 
reaction is represented by the equation: 

2HgCl2 +Na 2 C 204 HgjCla +2NaCl + 2 CO 2 . 

If this reaction were to be utilized for quantitative estimation it must 
bo stoichiometric without interference by side reactions. We have, therefore, 
investigated this reaction carefully in order to establish conditions under which 
the mercurous chloride formed corresponds quantitatively to the mercuric 
chloride originally taken, Under these conditions, by estimating the mercurous 
chloride formed by the iodine thiosulphate titration, we can determine the 
amount of mercuric chloride originally taken. 

Experimental, 

The mercuric chloride and the sodium oxalate employed in our investiga- 
tion are the Merck’s analytical reagents. 

Working with Monax or Pyrex glass conical flasks in sunlight, we found 
that the reaction is very slow. Hence, we used uranyl nitrate as a photo- 
sensitiser. After exposure t-o light for the requisite time the mixture is treated 
without filtration, witli a known excess of a standard solution of iodine in 
potassium iodide. The M/20 solution of iodine must contain at least 50 grams 
of potassium iodide per litre. The precipitated mercurous chloride dissolves 
readily according to the following equation: — 

HgjCli+OKl-f Ig -> 2K2Hgl4+2KCl. 

After the addition of thf> iodine solution, the flask is stoppered and allowed 
to stand for a few minutes with occasional agitation, until complete solution 
has taken place. The residual iodine is titrated with standard sodium thio- 
sulphate Holution with starch as the indicator. Prom the volume of the standard 
iodine solution (jonsumed in the oxidation of mercuroua to mercuric ion, we 
can cahnilate thf> amount of mercurous chloride formed in the photochemical 
reaction and hence that of the mercuric chloride originally taken, Tlie uranyl 
nitrate does not interfere with the reaction or with the iodometrhi estimation 
in any other manner under the conditions described. 

We mode a large number of experiments varying the concentration of 
uranyl nitrate. Working with 5 ml. of M/20 mercuric chloride, the amount 
of uranyl nitrate solution (M/50) can bo varied from 1 ml. to 6 ml. when quanti- 
tative reduction is obtained in about thirty minutes’ exposure. With lower 
amouij^ts of uranyl nitrate than 1 ml. the speed of the reaction is slower, 
ntWM^ssitating unduly long exposures. With amoutits of uranyl nitrate larger 
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than 8 ml. darkemng of the precipitated mercurous chloride wm observed due 
to the formation of mercury. 

In another set of experiments the concentration of sodium oxalate was 
varied within wide limits (2 ml. to 20 ml. of N/6 oxalate for 5 ml. of M/20 
mercuric chloride), without any noticeable diffeimce in the results. 

TABX.B 1. 

5 ml. of M/20 HgClfl-f 5 ml. of N/2 Na 2 C 204 -f 1 ml. of M/60 iiranyl nitrate exposed 
to sunlight in 100 ml. Monax conical flasks (12 noon to 3 p.m.). 

Mercury taken in each oxposxire ok 60*16 mg. 


Time of exposure 
in minutes. 

Mercury found in 
mg. 

1 

RemarkH. 

5 

46*03 

• 

10 

48*74 


20 

40*72 


30 

50*03 


40 

50*03 


60 

6003 


60 

6()*03 


00 

60*03 


120 

60*47 

Slightly darkens. 

180 

61-34 

** 


From the above table it will be noted that it is passible to reduce mercuric 
chloride to mercurous chloride easily and quantitatively; hence this photo- 
chemical reaction can be made the basis of a proct^ss for the estimation of 
mercuric chloride. We have made numerous estimations and we give below 
a few typical results to indicate the accuracy of our procedure. 

Tabmu 2. 

Voriation of Mercury taken. 


X ml. of M/20 HgOlj+X ml. of N/5 NaaC ,044 X/5 ml. of M/60 uranyl nitrate 
exposed to sunlight for 45 muiutes in 100 ml. Monax conical flasks. 


X 

Mercury taken in mg. 

Mercury found in mg. 

Error %. 

1 

lO'OS 

9*09 

0*40 

2 

20*06 

10-96 

0*65 

5 

50*16 

60-03 

0*24 

10 

100*80 

100-00 

0*80 

16 

150*46 ! 

160-14 

0*20 

20 

200*60 

200-00 

0*27 


Edipafim of micro amounts of mercuric chloride. 

We made experiments with varying volumes of M/200 mercuric chloride. 
We found that the concentration of oxalate has to be kept low if accurate 
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results are to be obtained. If the concentration of the oxalate is high there is 
a tendency for the mercurous chloride to undergo furth«* reduction to metallic 
mercury. Moreover, a high concentration of oxalate will interfere in the 
subsequent iodometric estimation of mercurous chloride due to a slight reaction 
between the oxalate and iodine. The iodometric treatment was made with 
N/200 solution of iodine and the hypo solution employed was also N/200, 
Otherwise the details of the procedure are the same as those employed for the 
estimation of the more concentrated solution. The results given in the follow- 
ing table will show that the method is quite accurate even with solutions 
containing 1 mg, of mercury. 

Tablb 3. 


Variation oj Mmmry toAen. 

X ml- of M/20p HgClji+^ of N/60 Na 2 CaO 4 4*0*2 X ml, of uranyl nitrate exposed 
to sunlight for 45 minutes in 100 ml. Monax conical fladks. 


X 

Mercury taken in mg. 

Mercury found in nag. 

Error %. 

1 

1003 

1-010 

0-7 

% 

2-000 

2-000 

0-8 

5 

6-015 

5-000 

0-8 

10 

10-03 

10-09 

0-6 

16 

15-045 

14-950 

0-62 


ExperimerUa in artificial light 

As bright sunlight may not be available at all places, we thought it 
desirable to employ an artificial source of light in order to make this method 
one of common utility. The source of light employed by us was a Heraeus 
Quartz Mercury vapour lamp worked on 220 D.C. mains at 4 amps. The are 
was cooled by means of a fan. 

Different types of exposure were tried. If the ultra-violet light from the 
quartz mercury vapour lamp was allowed to fall horizontally on the reaction 
mixture contained in a rectangular quartz stoppered cell, the mercurous 
chloride formed easily underwent further reduction to metallic mercury. 
It was found that the most satisfactory procedure was to expose the solution 
in an open glass conical fiask directly under the arc. Under these conditions 
even long exposures did not produce metallic mercury, and mercurous 
chloride formed corresponded quantitatively to mercuric chloride taken, 
provided the time of exposure was at least thirty minutes. Exposure in oonioal 
flasks is convenient for another reason as the subsequent treatment with 
iodine and titration with thiosulphate could be done in the same vessel without 
transfering into another. Flat dishes for exposure are not convenient for this 
reason. The following table contains results of some of the experiments 
conducted in artificial light. 
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Table 4. 


Mercury taken in mg. 

Mercury found in mg. 

Error %. 

lOO-SO 

99*81 

0*49 

5015 

60*04 

0-22 


20*11 

0*25 

7-021 

6*998 

0*30 

5*016 

6*013 

0*04 

3*009 

3*001 

0*20 

1-003 

1*011 

0*80 


The oouoentration of oxalate and uranyl nitrate are the same as in the 
experiments with sunlight. 

We also made experiments with 1,000 watt tungsten filament lamp under 
otherwise identical conditions, but the time required for complete reaction 
is unduly long. 

From the results in Table 4 we find that even minute amounts of mercury 
can be estimated by our procedure with a considerable degree of accuracy. 

When one compares the details of our procedure with those recommended 
by others, one finds that our method is more suitable, Simple laboratory ware 
and common reagents are sufficient for the work. 

Stjmmaby. 

1. A now technique has now been introduced by us into analytical 
chemistry. We are the first to employ the photochemical action of light as 
an aid to quantitative chemical analysis. 

2. Applying this technique we have shown that mercuric chloride can 
be estimated with a considerable degree of accuracy and rapidity. Our 
method is more rapid and suitable than the methods now in use. 

3. A detailed study has been made of the conditions under wiiich our 
pliotoohemioal method can be applied to the estimation of mercuiio chloride 
under natural and artificial sources of illumination. 

4. From our experience, we lay down the following criteria which must 
be satisfied if a photochemical reaction can be used for quantitative ostimation : 

(1) the reaction must be sensitive to the action of the light employed, or must 
be capable of being muAe sensitive by the addition of a suitable photosensitisor; 

(2) the reaction selected must be capable of reaching completion without 
inyolving undesirable side reactions; and (3) the selected reaction must be 
fairly rapid, obviating unduly long exposures. 

In conclusion we desire to place on record our deep debt of gratitude to 
Prof. N. R, Dhar, D.So. (Lend,), Dr ,4s Science (Paris), of Allahabad for his 
kind interest in this investigation. One of us (P. T, B.) desires to thank the 
authorities of the Andhra University, Waltair, for permitting him to join in 
this work. 
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ON THE EXTRA SPOT8 IN LAUE PHOTOGRAPHS OF META- 
DINITROBENZENE. 


By M. Ganguly, M.Sc.^ Dacca University. 

(Communicated bv Dr. K. Banerjce, D.Sc., F.N.I.) 

(Beceived July 11^ 1942 ; Read October 6 1942.) 

Abstbact. 

Extra spots in the Laue photograplis of laetHdinitrobtmKOiio have boon studied. The 
directions of the m&xim^ in the spots make approximately an angle with the incident ray 
which is double the Bragg emgle for the plane that protlucos the extra spot for the charao* 
teristic radiation. The direction of tliis maximum lies also in the plane of incidence. The 
peak intensities have been measured by the photographic photometer method. The 
intensities have been found to fall oit rapidly with increase of A, the difference between 
the angle of incidence and the Bragg angle. The spots are definitely diffuse and their 
half intensity widths as measured by the photographic photometer method in the radial 
and the transverse directions differ front each other. The widtlis change slowly with 
A and for some spots they are pract>ioaUy independent of A • 

[ntrouuotion. 

The piesenoe of extra spofc^« or streaks is familiar to any one having ex- 
perience of taking Laue photographs. In fact radial streaks in Laue photo- 
graphs of sylvine were observed by Friedrich as early as 1913. Ten years 
after Friedrich’s photograph was published Faxen (1923) suggested that 
these streaks were due to the disturbaiute of the geoinetri<^a] atomic pattern 
by thermal agitation of the atoms. He showtKl that maxima should exist 
in the diffuse scattering of monocJuomatirr radiation by a crystal set nearly, 
but not exactly, at the Bragg angle corresponding to any reflecting plane. 
The direction of the maximum is given by the relation 
Sin 0-fcoB $ tan ^ ws 2 sin 

where $g is the Bragg angle, 6 the glamung angle of incidence, and ^ the glancing 
angle of reflection. 

Extra spots in the Laue photographs hav<^ been first noto<l by Preston 
(1938) and tMs observation has created a great interest in the subjcwt and the 
effect is being studied in several laboratories. Preston (1939) explained these 
spots as due to diffraction of X-rays more or less independently from very small 
groups into which he supposes the crystal to be brokeu up by the thermal 
vibration of the lattice. The ceil dimensions in theses small groups should 
according to him differ from the extended lattice and so the dircctionK of the 
maxima should be different from the Bragg directimiB. W. H. Bragg (J941), 
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however, showed that the postulate of the change of cell dimension is not 
necessary; diflFraction by a small group of points will show maxima in mono- 
chromatic light jtbr any orientation of the group, 

Zaohariasen (1940), on the other hand, ascribed the eflfect to thermal 
vibrations of the lattice and obtained an expression for the intensity of diffuse 
scattering in different directions which could be directly evaluated. The value 
of the intensity of this diffusedly scattered X-ray thus obtained leads to 
maxima in certain specified directions giving rise to new diffraction spots. 

The extra reflections have been explained by Eaman (1940) from quite 
a different point of view. According to him the regular geometrical array 
of atoms in the crystal is set into vibration as a result of absorption of energy 
from the incident beam. The vibration of the lattice thus excited create 
dynamic stratifications of the electron density and these give rise to regular 
reflection of X-rays with a change of frequency. The absorption of energy, 
in his more recent publications, have been regarded as due to excitation of 
infra-rod osoillations in the crystal. 

The equation relating to the relative position of the modified spot and the 
coiresponding Laue spot on this theory is 

2d sin ^ sin (S^ie) sin 
where d = planar spacing. 

2^ =3c the angle between the incident and reflected X-rays. 

=« inclination of plane of constant phase of tho lattice oscillations to 
the static crystal planes. 

In the earlier papers these spots have gom^rally been described as diffuse. 
According to Paxen and Zaohariasen theories, these reflections should bo very 
diffuse and according to Raman’s theory they should bo quite sharp. Ex- 
perimental results obtained so far, however, show that though in the majority 
of cases the reflections are diffuse, cases occur in which the reflections are 
sharp. The object of the present investigations have been to collect such 
data as will be necessary for the proper understanding of the origin of these 
reflections. In the present paper is described the results of a study of the 
falling off of the intensity of the diffuse reflection in different directions as well 
as with increase of A and also to determine the variation of with A m 
the case of metadinitrobenzene. 

Experimental Meihods. 

For our photographs small crystals were chosen and were mounted with 
the help of a goniometer so that the X-ray beam could be made to pass through 
the crystal accurately in any desired direction, Tho X-tay tube used was 
one of the Hadding-Siogbahn type with copper anticathode running at a 
voltage of about 60 kV with nearly 16 milliamperes. 

For taking the Laue photographs there was a deviation from the orthodox 
method’ in tiiat a oylindrioal camera was used for the following advantages: 
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(i) the angular range of observation vrm considerably extended, and (ii) the 
falling off of intensity with angle of diffraction was minimised. For calculating 
the diameter of the film and comparing the intensities of t^o extra spots in 
the different photographs, a very fine aluminium wire was mounted vertically 
just in contact with the crystal. Time of exposure varied from 7 to 8 hours, 
and photographs were taken with the crystal rotated to different orientations. 
Plate V shows some typical photographs. 

Small perfect crystals of metadinitrobenzene were obtained from alcoholic 
solution. The substance crystallises in the orthorhombic system having a 
unit cell with sides a « 13*3 A.U., b « 14-2 A.U., and c » 3-82 A.U. The 
space^group is Pbn with 4 molecules in the unit cell. 

As the Laue photographs have been taken with a cylindrical camera, the 
usual method of obtaining the gnomonio projection and thence to identify 
the planes .is not applicable here and hence the following method lias been 
used for identifying the sjjots. The angular co-ordinates t/s and fi of the Laue 
spots were determined from the relations, 





where z « horizontal distance on the film from a vertical line through the 
centre of the undeviated beam, 
y ss vertical distance from the equatorial layer line, 
and B » radius of the film (determined from the powder linos of Al). 

Now, we know from the Lauo equations that if a, J9, y be the direction cosines 
of the diffracted beam in the Laue direction and «o, y^ be the direction 
cosines of the incident beam, then. 


a{a— ao) 

c(y-yo) 


h 

I 


k 

I 


( 1 ) 


where a, b, c are the tliree axial lengths and A, i, I the millerian indices of the 
reflecting plane. 

Prom the known setting of the crystal it was possible to find a, y and 

. h k 

Pa* yo determine the indices of the spots from the ratios j and -j. 

In the case of metadinitrobenzene the beam of X-rays was incident on 
the crystal along the a-axia in the first photograph while the c-axis was vertical. 
Hence because the crystal belongs to the orthorhombic system Vo 

were zero while was equal to one. Similarly, a «= cos 2tf, y «« sin and P *» 
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<io» /i sin 0 where 29 » angle of diffraction of the spot and was given by 
008 iO a* 008 ^ C 08 fi. ThuB the equations (1) reduce to 

a(cos 29^1) h 
h 008 lA sin ^ k ’ 
h COB fi sin 0 k 
e Bin fA T 

From the meaBuronioritH of the positions of the maxima in the extra Bpots, 
their angular oo-ordiiiatoK and p., were obtained. In the 2nd column of 
Table I are given the iiidioeH of the planes which produce theHe I'efleotionB, 
in the 4th column are given the values of +^) where 9 is the glancing angle 
of incidence and is the glancing angle of scattering. They are obtained 
from 0, and by the relation cos p** The value of 9 

is obtained from the position of the Lane spot by the relation cos 29 =» cos 0 
008 /i where i/j and fA are the angular co-ordinates of the Lane spots and are 
determined in the same way. Then 9^^ the corresponding Bragg angle 
was cahmlatod from the relation 2d sin 9^ = nA where d is the spacing of the 
reflecting plane. 

For determining the half-intensity widths of the extra spots the photo- 
graphs containing the spots were placiod on the object carriage of the Zeiss 
recording microphotomoter and the scanning spot of light was made to traverse 
each diffuse spot twice, (i) in a direction joining the centres of the diffuse spot 
and the direct beam, (ii) in a direction perpendicular to the former. Due to non- 
uniformity of inteiisity distribution over the spots, the length of the scanning 
spot of light was so reduced that the regioji covc^rod by the light spot was 
practically of uniform blackening, care being taken to s<^ that in both the 
traversals the spot of light passt^ across the maximum inside the spot. Sinoe 
the intensity of X-ray incident at any point cannot be taken to be proportional 
to the deflection of the electrometer fibre when the scanning spot of light 
traverses that point, the intensity was obtained by comparing the photo- 
meter curve of the spot with that of a standard wedge obtained by Robinson^s 
method (1933). 

In order to computt> the intensities corresponding to the ordinates of the 
photometer curves of tlie spots the ordinates of these curves were matched 
with the ordinates of the photometer (survo of the standard wedge and the 
corresponding readings of tlw? abscissae of the latter cui’ve gave the desired 
intensities. The maximum intensity thus computed was the peak intensity 
of the spots. The half-intensity width was obtained from half of the difference 
between the abscissae corresponding to half of the maximum intensity on 
either side of the maximum. 

Discussion of results. 

It hoH been tried to teat the following points: — , 

(i) Whethw the glancing angle of incidence 9 has any influence on 
the deviation (9+ff>) and if so, how does it depend on the 
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difference between the glancing angle of incidence and the Bragg 

angle. 

(u) Whether the direction of the maximum intensity remainH in the 

plane of incidence or not. 

(iii) The nature of variation of the peak intensity with a • 

(iv) Radial diffuseness of the spots as measured by the half- intensity 

widths along the radial direction. 

(v) Transverse diffuseness of the spots as measured by the half- intensity 

widths along a direction normal to the radial direction. 

Comparison of {0+<f>) with : The values of for the extra spots 

have been tabulated in Table I. in the first column is given the indiotw of the 
planes which produce these refleM^tions. The 2nd, 3rd and 4th columns give the 
values of A, {0+<l>) and 26^ ro 8 pectivel 3 ^ The <ixtra spots of this substauci! 
are diffuse and hence very accurate measurements of are not possible. 

Within the limits of experimental error it is found that (tf-f does not differ 
appreciably from 26 

Tablk 1. 


Indioes of 
planes giving 
rise to the 
extra SfiiotB. 

A =. 9-9 

9 ^ 

1 

1 

140 

»» 

ft 

rii' 

-r 39 ^ 

26 nr»' 

2 (r«' 

It 


121 

ft 

f» 

-r 32 ' 

27 ^^ 25 ' 1 

27 *^ 28 ' 

27 ^ 3 r 

27 ‘^ 20 ' 

»* 


131 1 

ft 

ft 

2 « 24 ' 

r 22 ' 

on/ 

30 " 62 ' 

30 *^ 65 ' 

30 ^ 34 ' 

30 * 48 ’ 

*1 


131 

0 ° 48 ' 

28 ” 


27 ® 36 ' 

ff 

on 4 ' 

27 * 38 ' 



f* 

r 36 ^ 

27 * 44 ' 



241 

- 0 “ 30 ' 

30 ^ 55 ' 

37 ®<V 


ft 


37 ‘» 26 ' 



If 

- 3 * 1 ' 

36 ° 64 ' 

f* 



For testing whether the direction of the maximum in the extra reflection 
lies in plane of incidence, we have to see whether the extra spot lies in 
the plane passing through the incident ray and the Laue spot, since the incident 
ray and the Laue spot fixes the plane of inoidonco. it can easily be shown 

that directions, for which - is constant, will He in a plane containing the 

tan ft 

direction of the incident beam. So the most convenient way of testing the 
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above point is to compare the values of of the extra spots with those 

of the corresponding Laue spots. The results arc given in Table II. 

The half-intensity widths of the extra spots measured in the plane of 
incidence and normal to it are given in Table IV» and the results show 
definitely that the extra spot^ are diffuse. 


TABX.3S II. 


ludicoa of pianos 
giving rise to th« 
extra apots. 


' Sin ^ 
tail fi 

For Laue spot. 

t 

For extra spot. 

121 

Vi' 

'644 

'639 


VS2' 

*606 

•544 


3“n' 

•648 

•536 

131 


•798 

•826 

»» 


•794 

'821 

tf 1 

-on' 

'763 

•821 

241 

0^30' 


1'09 


0*^58' 


MO 

ff 

sn' 

■■Bn 

108 


Prom a comparison of for Laue and extra spots it is found that 

within the limits of experimental error, the extra spot (131) indicates a deviation 
from plane of incidence. 

Table III shows the variation of the peak intensities of the diffuse spots 
for different values of A . The results show that peak intensities fall off rapidly 
with increase of A. The nature of the variation has been found to be similar 
for all the spots that have been studied. The number of different values of A for 
which the peak intensities could be measured accurately are, however, not 
sufficient for making any general oonclusions, and hence further investigations 
on this point are in progress. 

Tabkiii: III. 


Indices of pianos 
giving rise to the 
extra spots. 

A 

Kelativo peak intensity. 

140 

»» 

4^*28' 

ini' 

Very very weak. 

5-4 

131 

1*32' 

10 

,, 

8*24' 

6*3 

** 

4*86' 

3*1 


5*84' 

Very very weidc. 
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Tho half-intensity widths of the extra spots measured in the piano of 
incidenee and normal to it are given in Table IV and the results show definitely 
that the extra spots are dilfuse. 

Table IV. 


— ' ' ■ 

Indices of planes 1 


Angular half-intensity width. 

giving rise to tho I 
extra spots. j 

1 

A 

In the plane 
of incidence. 

Normal to tho piano 
of iuoidonce. 

131 

4^36' 

rw 

0^'63' 

„ 1 

2"24' 

\°2T 



^22' 

rr 

0“63' 

140 

nr 

64' 

0^68' 


r39' 

31' 

0°63' 


The half-inteasity widths in the radial and tho transverse directions for 
the same spot are not equal. For the spot due to (140) plane of inotadinitro- 
benxene the radial half- intensity widths are snuiller than the transversOj while 
for the extra spot from tlio (131) plane of metadinitrobenz-ene the radial 
half-iiitonsity width is greater than the transverse. The variation of the half- 
intensity widths with A i«, however, small and for most of tho pianos it is 
within the limits of experimental accuracy practically constant. 

The author expresses his hearty thanks to Dr. K. Banerjoc for kindly 
suggesting the problem and constant guidance during the progi oss of the work. 
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OBITUARY NOTICE. 


Rai Bauabub Gourtpati Chattebjbk, M.8c., F.N 1. 

Rai Bahadur Gouripati Chatterje<5, M.Sc., P.N.I., wa« tho fourth mod of 
the late Ashutosh Chatterjee, the premier stevedore of Calcutta. Ho was a 
descendant of an ancient Brahmin family of Mahesh (District Hooghly) with 
great Sanskrit culture and tradition. Ho wm born at Calctitta on the 4th 
March, 1892. With continuous ill-hoalth iron) his infancy ho received his 
early education in the Bangabasi Collegiate School from whore ho passod the 
Entrance Examination in the year 1909, securing a Second Gnide Scholarship. 
On account of serious meningitis and acute myopia he wan seriously handicapped 
iji his studios, but he passed the Intermediate Examination in Science from the 
Presidency College in the First Division in the year 1911. His health broke 
down almost completely and he could not sit for his B.Sc. Examination for 
three years successively and the doctors advised him to discontinue further 
studies. For the sake of his health his brothers suggested that ho should 
join their stevedoring business, but on account of his indomitable will to 
carry on with scientific studies he could not persuade himself to take up a 
business career with bright financial prospects. He sat for iiis B.8c. 
Examination against doctors’ advice and passed it with distinction in the 
year 1916. His health further deteriorated and h(j could not appear at the 
M.8o. Examination until 1919 when ho got a First Class First in Physics and 
was awarded the University of Calcutta Gold Medal and Matilal Mullick Gold 
Medal. After getting his M.Sc. degree ho worked as a rostwch scholar in the 
Presidency College where he repaired many delicate scientific instruments for 
the ooiloge laboratory. This mechanical and scientific talent of his was 
highly appreciated by his various professors and he was selected for the post 
of a scientific assistant in the Indian Meteorological Df^partmont and joined 
the Upper Air Observatory at Agra on the Ifith April, 1921 . He was appointed 
Meteorologist from the 28th February, 1922 and became the Meteorologist-jn- 
Charge from the 1st April, 1928 with a special allowance. In 1929 he went as 
the head of an upper air expedition to Jhinkargaoha, District Jessore. In 
this expcHlition he did a lot of upper air investigations by letting off special 
balloons for the exploration of upper air. He contributed a paper on 
* Some Upper Air Instruments for investigating the Lower Layers of the Earth’s 
Atmosphere ’ for publication in the festival number in honour of Prof. Koppen’s 
86th birthday in ^Gerlands Beitrhge Zur Geophyeik’, and on receipt of this 
paper Prof. Dr. Conrad expressed the opinion that his methods for sounding 
the lower layers of the earth’s atmosphere will no doubt be used also in Europe 
in future, before all at the Air Mail Service. In 1939 the Agra University 
started a Meteorokigy coarse in M.Sc. and he was selected as its Professor of 
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Meteorology. He was awarded the Silver Jubilee Medal in 1935 and the 
Coronation Medal in 1937, He became the Superintending Meteorologist from 
the let October, 1938 and was made a Rai Bahadur on the let January, 1939. 
He was a highly resourceful, practical and experimental meteorologist and a 
creator of some of the most ingenious, delicate and yet sei vioeable and accurate 
instruments for upper air research. He took charge of the small observatory 
workshop and office at Agra from Mr. Field (the then Director-General of 
Observatories) in 1924 and later of the large headquarters in New Delhi with 
over 40 upper air observatories providing all the data that war conditions 
demand of them. His achievement during the last 18 years of his life is a 
proof of his abUit}^ in skilful and thorough planning and direction, and of his 
unfailing care, enthusiasm, determination and devotion. 

In his school days his reoreatiori was painting and his portrait painting 
was recognised by many a connoisseur to be of a very high order. Always 
straight-forward and generous in his behaviour he Jed a very simple life. He 
sacrificed his personal comforts arid oven necessities in order to help the poor. 
He was widely road and his knowledge of Economics and Horticulture was 
remarkable. Although a born scientist, ho believed that agriculture must 
eventually play a vital part in the Indian national life. Ho hod a creative 
urge in him and, being a bachelor with no enoumbranoes, he decided to give his 
best to develop a farm and nursery on the most up-to-date scientific lines. 
With this purpose he acquireti extensive lands in the village Rohta in the 
district of Agra and laid the foundation of what was to become a unique 
institution, where he wanted to educate the children of the soil so that they 
may take to scientific faiming which he believed would bring about the econo- 
iui(? salvation of India for the coming generations. But God wOlod it otherwise. 
On the 1st June, 1942 he underwent an operation on account of an abscess on bis 
foot and it was discovered that he was a victim of diabetes in an advanced stage. 
In spite of the best efforts of the doctors he expired on the 10th July, 1942. 


N. K. S. 



Eighteenth Ordinary General Meeting. 


An Ordinary General Meeting of the National Institute of Soiences of 
India was held at 3 p.m. on Monday, the 6th October, 1942, in the rooms of 
the Boyal Asiatic Society of Bengal, 1 Park Street, Calcutta. 

Fraseni / — 

Prof M. N, in the Chair. 

Kai Bahadur X)r. K, N. Ba^ohi. 

Rai Bahadur Dr. S. T.. Hora. 

Dr. D. N. Majuindar. 

Prof. 8. K. Mitra. 

Mr. V. I^ Sondhi. 

Prof. 8. P. Agharloir, Honorary Secretary. 

1. The minutes of the Seventh Annual General Meeting, lieJd on the 
1st January, 1942, were confirmed. 

2. I>r. D. N. Majumclar and Mr. V. P. Sondhi signed the duplicate 
obligation and were admitted as Fellows as j)cr Rule 13. 

3. The following papers wore road : — 

(1) Photochemieal Analysis. By G. Gopala Rao and P. T. Ramacharlu. 

(Communicated by Di*. N, R. Dhar.) 

(2) Accurate Calculations on tht» Cascade Theory of Eloctronu' Showers 

without Collision Loss. By S. K. Cliakrabarty. {Communicated 
by Dr. H. J, Bhahha.) 

(3) Contribution to the Theory of Stellar Models. By N, K. Sen. 

(4) Preasuro Ionisation and Maximum Radius for a Cold Body. By 

P. L. Bhatnagar and D. S. Kotliari. 

(6) Fermi-Dirac and Bose-Einataiii Gas in a Gravitational Field. By 
Brij Nath and P. L. Bhatnagar, (Communicated by Dr. I). S. 
Kothari.) 

(6) An Account of the ChondrcKjranium of Rana Afghana and Mego- 

phrys, with a description of the masticatory musculature of some 
tadpoles. By L. S. Eamaswami. (Communicated by Dr. B. 
Prashad.) 

(7) On the Extra Spots in Laue Photographs of Metadinitrobonzene. 

By M. Ganguly. (Communicated by Dr. K. Bancrjee.) 

(8) On the Elastic Scattering of the Past Mesons. By 8. Gupta. 

(Communicated by Prof. N, R. Sen.) 

(9) The Pliocene and Pleistocene Boundary in Nortli- Western India, 

By D. N. Wadia. 

(10) On the Electromagnetic Field and the Seif-energy of Meson. By 
S, Gupta, (Communicated by Prof. N. R. Sen.) 
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(11) Gaxnetoganesis and Embrypgeny of Eulophea Epidendmea Fischer* 
By B. G. L. Swami. (Communicated by Dr. P, Maheshwari.) 

4. The Coimcil*s proposal that owing to the difficulty of holding meetings 
under the prevailing abnormal conditions a committee consisting of the 
JSeoretaries, Treasurer, and Dr. S. L. Hora, in consultation with the President, 
be authorised to act on its behalf, actions taken being subsequently reported to 
the Council, was approved. 
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